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HYPOPHOSPH | TES

Summa

Popoviciu and Dariu (39) reported that the hypophosphites were
first used in medicine In 1858 by Francis Churchill for treating
tuberculosis. These compounds were supposed to skimulate the appetite
and improve the blood.

Polk (36) also reported Churchill's use of hypophosphite syrups
in treating tuberculosis. The dose consisted of 3 teaspoons per day to
young children, along with cod liver oll and an aromatic elixir of
calisaya. The syrups contained various mixtures of 256 g of a hypo-
phosphite salt (calcium, manganese, potassium, or sodium), sugar, iron
oxide, water, and hypophosphorous acid. Hypophosphorous acid was said
to be normally found in the brain and other nervous tissue combined
with glycerin and fat. The hypophosphites were thought fo cause
improvement in patic~®s wi*h fuberculosis, by replacing depleted supplies
of rypcphosphorous acid.

Panzer (32) found hypophosphorous acid in the stomach and intestine
6 hours after the oral administration of calcium hypophosphite to one
dog. Hypophosphorous acid was found in trace amounts in the blood and
kidneys of a second dog after 3 hours. Panzer thought that calcium
hypophosphite was absorbed completely and excreted rapidly and that more
of the compound was present than his tests for organ content could
detect at that time (1902).

Paquelin and Joly (33) studied the urinary excrefion of sodium
hypophosphite. Doses of 0.5 g were given orally, twice a day for 5
-days to a woman patient. Hypophosphite was excreted almost unchangeu
in the urine. The main action of hypophosphite was diuretic - urine

output, density, urea, and phosphoric acid levels increased.

Panzer (32) gave 1 g calcium hypophosphite orally to 2 dogs. In
the first dog, hypophosphite was detected up to 22 hours in the urine.
In the second dog, hypophosphite was first detected in the urine 15
minutes after the administration of the compound. Panzer took the same
dose himself and first detected hypophosphite in the urine 30 minutes
later. The hypophosphites were no longer present after 2 days.

Strada (52) found that 81.29 to 83.85% of the 500 to 1000 mg/kg
sodiumhypophosphite administered i.v. or s.c. to 2 rabbits was excreted
within 3 days.

Another urinary excretion study was performed using one pregnant
and one non-pregnant cow by Vasenius and Kallela (58). They injected
0.3 moles i.v. (half calcium hypophosphite and half sodium hypophosphite)
into the cows and repeated the study 3 and 4 times respectively. The
hypophosphites increased urine output and the excretion of reducing



substances. Two-thirds of the injected dose was excreted, half in 2
hours. Hypophosphite was not an adequate source of phosphorous for cows.

Engel (11) found that mice were sensitive to hypophosphite. The
injection of 2 ml of a 1:10 solution produced death, after the animals
experienced breathing difficulty and paralysis.

Hypophosphites in large doses were not fatal to guinea plgs, which
may be resistant to the compound, according to Engel (i11). |t was also
found that hypophosphites are less toxic than phosphites and other
phosphorous containing solutions.

Nofre, Dufour, and Cier (30) reported that the acute toxicity of
sodium hypophosphite in male, Swiss, albino mice, expressed as the LD O/
30 (the LDggy on the 30th day), was 1584 mg/kg (in 0.4 ml) given i.p. ?n
aqueous solution.

Takahashi (53) gave male white rats, weighing 60 g, phosphoric acid-
free basal diets containing 0.055% sodium hypophosphite for 4 months.
After the first 10 days. 1% free hypophosphorous acid was also added
to the basal feed. The .ats showed almost no growth; 0.5% hypophosphite
still gid not produce weight gain. A level of 1.5 to 2% caused the
death of the animals in a few days.

Meyer and Greenberg (27) fed young Sprague-Dawley rats a low-calcium
diet for 14 days and then calcium hypophosphite supplements for 11 days.
Contro! rats, fed the low-calcium diet for 25 days, all developed baldness.
None of the rats given calcium hypophosphite became tald. The authors
suggested that calcium hypophosphite may be a suitable supplement for
calcium in the human diet, since it has an acceptable taste and does not
affect the acid-base balance.

Popoviciu and Dariu (39) used hypophosphite syrup in treating 6
children with rickets and one with pleuro-peritonitis. The syrup was
composed of potassium, sodlum, calclium, Iron salts (pyrophosphates and
citrates), quinine, and phosplorous acid. The oral administration of an
unspeci fied amount of the syrin for 4 to 6 1/2 wecks resulted in an
improvement in the children's -ondition.

Sterner and Medes (51) fc.nd that 0.64 M sod um h.popho- hhite did
not Inactivate prothrombin wh. 1+ tested in vitro o rabl it pl. sma. The
clotting times of control and wpophosphite-treatd pl sma w« ~e both
one minute.



CALCIUM HYPOPHOSPHITE

Chemical Information

I. Nomenclature .
A. Common Name
Calclium Hypophosphite
B. Chemical Name
Calcium Hypophosphite
C. Trade Name
None
D. Chemical Ahstracts Registry No.

007-789-799

Il. Empirical Formula
Ca(H2P02)2

Ca 23.57%; H 2.37%; O 37.63%; P 36.43%

I11. Structural Formula

Ca(H2P02)2

IV. Molecular Weight

170.07

V. Specifications

None Avallable

Vi. Description
A. General Characteristics

Calcium hypophosphite occurs as monoclinic, prismatic crystals or
granular powder.



B. Physical Properties

Calcium hypophosphite is soluble In water, slightly soluble in
glycerol, practically insoluble in alcohol. The aqueous solution is
slightly acid. At temperatures above 300 degrees C, calcium hypophosphite
evolves spontaneously-flammable phosphine. There is no melting point
or boiling point, since it decomposes.

C. Stablllty

Keep In tightly closed containers.

Vil. Analytical Methods

Two offlicial analytical methods for hypophosphites in syrups, in the
absence of phosphates, are avallable. |In the first method, a sample is
di luted with water, bolled twice with HNOs, cooled, precipitated with
NH40H in excess, and mixed with a few drops of HNOz. Molybdate solution
is then added to the treated sample unti! precipitation Is complete.

The solution is the: [iltered and washed with NH4NO3. The precipitate

on *he fllter is dissolved in NH4OH and hot water, neutralized with HCt,
and cooled. A magnesia mixture is slowly added and then NH40H is added
and allowed to stand overnight. The solution Is again filtered and the
precipitate washed with NH4OH to remove Cl, then dried and combusted in

an electric furnace. The cooled material is weighed as MgoP,0- (MgoP.,0
X 0.6377 = PZOS). (A.0.A.C.)) d 927277 al
The second method applies only when other reducing agents or phenolic
compounds are not present. The sample to be tested is diluted with water
and mixed with a KBr - KBrOz solution and HpSO4., After standing for 2
hours, K! is added, shaken, and the liberated iodine is titrated with 0.:n
Na,S,0, To straw color. Then starch solution Is added until the solutiun
isc18riess (1 ml 0.1 N NapS,05 = 0.00165 g H3POp; 1 ml 0.IN NapS,03 =
0.00208 g NHgH POp). (A.0.A.CL)T

VIIl. Occurrence

None Available



MAGNES | UM HYPOPHOSPH ITE

Chemical Informatlion

I. Nomenclature
A. Common Name
Magnes ium Hypophosphi te
B. Chemical Name
Magnesium Hypophosphite
C. Trade Names
None

D. Chemical Abstracts Registry No.

li. Emplrical Formula

PO,),*6H.,0

Mg(H,PO,),"6H,

I1l. Structural Formula

Mg(CH,PO,) , *6H,0

IV. Molecular Weight

262.41

V. Specifications

None Available

Vi. Description
A. General Characteristics

Magnesium hypophosphite occurs as white, tetragonal, efflorescent
crystals.

B. Physical Properties

Its solubility at 25 degrees C in cold water is 20 parts per 100 mi;



95% ethyl alcohol - slightly soluble. Magnesium hypophosphite decomposes
at 100 degrees C and has a specific gravity of 1.59 at 13 degrees C.

C. Stability

Keep in tightly closed containers.

Vil., Analytical Methods

See calcium hypophosphite

Vilt. Occurrence

None Avallable



I.

MANGANESE HYPOPHOSPHITE

Chemical Information

Nomenclature

A. Common Name

Manganese Hypophosphite

B. Chemical Name

Manganese Hypophosphlte

C. Trade Names

None

D. Chemical Abstracts Registry No.

010-043-842

Empirical Formula

Mn(HZPOZ)'ZHZO

91.12% anhydrous salt; 8.88% H20; 27.07% Mn; 2.98% H; 39.42% 0;

30.53% P

Structural Formula

Mn(H2P02)’2H20

Molecular Weight

202.94; anhydrous weight 184,91

Speci flcations
Food Chemicals Codex
Assay

Loss on drying

Limits of Impurities
Arsenic (as As)
Heavy metals (as Pb)
Lead

Not less than
after drying
Not more than

Not more than
Not more than
Not more than

97.0% of Mn(PH
9%
3 ppm

40 ppm
10 ppm

29202



Vi, Description
A. General Characteristics

Manganese hypophosphite occurs as pink, odorless, almost tasteless
crystals or powder, which is stable In atr.

B. Physlical Properties

Its solubilities are as follows:
water 1 g dissolves In 6.5 ml at 25 degress C
boiling water 1 g dissolves In 6 ml at 25 degrees C
alcohol insoluble

When heated, manganese hypophosphite evolves flammable phosphine.
The melting point of the anhydrous form is 150 degrees C.

C. Stabili+y

Keep in well-closed containers. |t may explode when triturated or
heated when mixed with nitrates, chlorates, or other oxidizing agents.

VIii. Analytical Methods

The sample to be tested is dried, diluted with water, and mixed with
bromine, dilute sulfuric acid, and a saturated potassium iodide solution.
The liberated Todine is titrated with 0.1 N sodium thiosul fate, using
starch as the indicator. Each ml of 0.1 N bromine = 2.311 mg of Mn(H?

POZ)2 (Food Chemicals Codex).

VI, Occurrence

None Available



POTASS |UM HYPOPHOSPHITE

Chemical Information

I. Nomenclature
A. Common Name
Potass!um Hypophosphite
B. Chemical Name
Potassium Hypophosphlte
C. Trade Names
None
D. Chemical Abstracts Registry Number

007-782-878

Il. Empirical Formula

KH2P02

37.56% K; 1.94% H; 30.74% 0; 29.79% P; 63.41% H3PO2
F11. Structural Formula

KH2P02

IV. Molecular Welght

104.09

V. Specifications

None Available

Vl. Description
A. General Characteristics
Potassium hypophosphite exists as whlte hexagonal crystals or as

granular, deliquescent powder. It Is odorless, pungent, and has a salty
taste.



B. Physical Properties

Its solubilities are as follows::

water 1 g dissolves in 0.6 ml
4l cohol 1 g dissolves in 9 ml
boi ling alcohol 1 g dissolves in 5 ml

Its aqueous solution.is neutral or slightly alkallne and it
ignites evolving phosphine when heated in alr.

C. Stability

Keep well closed. Potassium hypophosphite explodes when tfriturated
with chlorates or other oxidizing agents.

Vil. Analytical Methods

See Calcium Hypophosphite

VIit. Occurrence

None Available
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SODIUM HYPOPHOSPH | TE

Chemical Intformation

l. Nomenclature

A. Common Name

Sodium Hypophosphi te

B. Chemical Name
Sodium Hypophosphite
C. Trade Names

None

D. Chemical Abstracts Registry Number

007-681-530

I, Empirical Formula

. Structural Formula

NaHzPOZ'HZO

V. Molecular Welght
106.01

V. Specifications

Not Available

Vi, Description

A. General Characferisfics

Sodium hypophosphite exists as white, deliquescent granules, which
are odorless and have a salty taste.

11



B. Physical Properties

The solubilities of sodium hypophosphite at 25 degrees C are as
fol lows:

cold water 100 parts/100 ml water
hot water 830 parts/100 ml water
glycerol freely soluble

boiiing alcohol freely soluble

cold alcohol freely soluble
absolute alcohol slightly soluble

propy lene glycol 9.7 g/100 g

NH siightly soluble

efﬁer insoluble

When triturated with chlorates or other oxidlizing agents sodium
hypophosphite explodes. The aqueous solution is neutral. The melting
point of sodium hypophosphite minus water is 200 degrees C.

C. Stabilitv

Koep well closed.

VIiI. Analytical Methods

See Calclum Hypophosphlte

VIIl. Occurrence

None Available
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Blological Data

i. Acute Toxiclty

Dosage (mg/kg)

Substance Animal _Sex & No.  Route Body Weight Measurement Ref.
sodium

hypophosphite  Mouse Male i.p. 1584 *LDgy/ 30 30
* the LD_. on the 30th day, determined by a graphic statistical method.

50

Mice

Engel found that mire seem to be sensitive to hypophosphite, since
small doses of a 1-'7 soiution (about 0.2 g or 2 ml, injection route not
spe~ified) were lethal. Intoxication symptoms included breathing
di fficulties, crippling, and death within an hour (11).

The acute toxicity of sodium hypophosphite in male, Swiss, albino
mice were reported by Nofre, Dufour, and Cier. The foxicity was determined
by the graphic statistical method and expressed as the LDs5q /3 (the
LDsg on the 30th day). The LDsg/30 of sodium hypophosphite (NaH-P0O2) was
1 584.00 mg/kg i.p. The sodium hypophosphite was given in aqueous solution
and the injection volume was 0.4 ml (30).

Guinea Pigs

Engel found that hypophosphite is usually less toxic than phosphite
and other P solutions. The guinea pig was found to be very resistant to
large doses (11).

[l. Short-Term Studies
Rats

Tahahashi conducted a 4 month study in which male white rats, 50 g,
were fed a basal diet contalning 17% horse meat protelin, 60% starch,
20% butter, 3% phosphoric acid-free inorganic salts, trace amounts of
oryzanin, and 0.055% of the sodium salt of hypophosphorous acid. After
10 days 1% of free hypophosphorous acld was added to the basal feed.
Both the control group fed the basal dlet alone and the groups fed the
basal diet plus 0.055% sodium hypophosphite exhibited almost no growth.
When the hypophosphite level was increased to 0.5%, no growth occurred.
A level of 1.5-2% sodium hypophosphite caused the rats to die in a few days
(53).

13



Meyer and Greenberg fed 7 groups of 7 or 8 young Sprague-Daw ley
rats (64-101 g) dietary supplements of calcium hypophosphite for 11 days
atter being on a low-calcium diet for 14 days. Control groups were kep?t
on the baslc low-calcium diet for 25 days. The basic diet consisted of
70 parts yellow corn meal, 16 parts wheat gluten, 10 parts brewer's yeast,
and 1 part NaC! with cod-liver oi!l as a vitamin D source (0.1 unit/g diet)
Control rurs, which had no calcium supplements, developed baldness.
Calcium hypophosphite was found to be a suitable supplement for calcium
in the diet, since none of the rats became bald when fed this compound.
The authors suggested that calcium hypophosphite might be used in man
for calcium therapy, since it has an acceptable taste and does not change
the acid-base balance to alkaline as do carbonates. The exact amounts
of calcium hypophosphite were not specified - only the amounts of calcium
or phosphorus (27).

f1l. Long-Term Studies

No Information Available

I''. Special Studies

Therapy

Polk reported that Churchill used hypophosphites in treating
phthisis (tuberculosis) in the form of the calcium, manganese, potassium,
and sodium salts (256 g) and given as a syrup. The syrups contained
other compounds such as iron oxide, sugar, water, and hypophosphorous
acid. The dose given to children of 2 or 3 years of age was usually 3
teaspoons daily combined with an aromatic elixir of calisaya and cod
liver oil. The reason for the success in treating tuberculosis with
hypophosphites was explained by the fact that they aid in the replacemeant
of hypophosphorous acid, which exists normally in the brain and other
nervous tissues combined with glycerin and fat (36).

Popoviciu and Dariu discussed the use of hypophosphite syrup in
the treatment of rickets in 6 children and pleuro-peritonitis In another
child. The syrup is composed of potassium, sodium, calcium, iron salts
(pyrophosphates and citrates), quinine, and phosphorous acid. The
administration of an unspecified amount of the hypophosphite syrup
(oral) for 4 to 6 1/2 weeks resulted in an improvement in the condition
of the children. The number of white and red blood cells and the
hemoglobin level increased. The calcium level and the phosphorus level
both increased significantly in one child. The phosphorus level
decreased in 4 of the 7 cases. |t was not possible to draw definite
conclusions about the effect of hypophosphites on calclum and phosphorus
levels from the results (39).

14



Biochemical Aspects

{. Breakdown

No Information Available

Il. Absorption - Distribution

Panzer studied the distribution of hypophosphite In 2 dogs after the
oral administration of calcium hypophosphite. |In one dog, the calcium
hypophosphite was given 3 times, several days apart; the dog was
sacrificed 6 hours after the last dose. The blood, Gl tract, |iver,
kidneys, and brain were assayed for hypophosphorous acid. |t was found
in only the stomach and the intestine. The second dog was sacrificed
3 hours after the dose. No definite Indication of hypophosphorous acid was
found in the organs listed above, although a slight ftrace was found in
the blood and kidneys. Panzer concluded that calclium hypophosphite was
absorbed completely arid ~vcreved rapidly and that the tests for organ
content that were ... may not hzve been sensitive enough to detect the
presence of hypophosphorous acid (32).

i1, Metabolism and Excretion

Paquelin and Joly monitored the diet of a female subject for 15
days. Five grams of sodium hypophosphite were administered to her by
mouth in divided doses of 0.5 g hypophosphite with each of 2 daily meals
over 5 days (day 6 to 10). Urine output In 24 hours was increased from
1.135 to 1.205 (liters ?) and the density increased from 1.024 to 1.029.
Urea excretion increased by 598 mg and phosphoric acid !ncreased by
335 mg. The investigators reported finding hypophosphites to be uxcietfed
almost unchanged. The main action of the hypophosphites was diuretic
(33).

Dog

Panzer studied the urinary excretion of calcium hypophosphite in
two male dogs, weighing 10.1 and 7.4 kg. One gram of the hypophosphite
was given orally and the presence of the substance in the urine was
tested up to 22 hours in the first dog and for 3 hours in the second.
In the first dog, no more hypophosphites were excreted after 22 hours.
The study was repeated twice more in this animal, during which it was
found that hypophosphite appeared in the urine 15 minutes after its
administration. The appearance of hypophosphite after 15 minutes was
also observed in the second dog (32).

Human
Panzer himself ingested one gram of calcium hypophosphite and found

that the compound did not appear in the urine until 30 minutes later.
The hypophosphites were no longer present In the urine after two days (32).

15



Strada administered sodium hypophosphite fo 2 rabblits and measured
the amount excreted in the urine. The following doses and routes were
administeraed, after which urine was collected for 4 days:

Rabbit #

l 1. 500 mg/kg i.v. in 10 mi of 10% sol. intc a 2.0 kg rabbit

N

1000 mg/kg i.v. Tn 20 ml of 10% sol. Into a 2.0 kg ravbit
I 3. 500 mg/kg s.c. in 75 ml of 10% sol. into a 1.5 kg rabbit
4. 1000 mg/kg s.c. in 16 ml of 10% sol. into a 1.6 kg rabbii

Within 24 hours, 78.50 to 81.43% of the original sodium hypophosphite
dose was excreted. Within 3 days, 81.29 to 83.85% had been eliminated
in the urine. The difference In the route of administration of the
sodium hypophosphite made no significant difference in its excretion (52).

Vasenius and ¥K-'!'aia injected 0.3 moles hypophosphite i.v. into each
of 2 hcalthy cows - one pregnant (400 kg), the other non-pregnant (320
kg) - and used iodometric titration to determine the amount excreted in
the urine. The study was repeated 3 times for the pregrnant cow and
4 times for the non-pregnant one and the results pooled. Half of the
hypophosphite dose was given as the sodium salt and the other half as the
calcium salt. Half of the hypophosphite excreted was released in 1 1/2
to 2 hours. The total quantity excreted was 2/3 the injected dosage.
The injection of hypophosphite increased urine output and the excretion
of reducing substances. Hypophosphite was not found to be an adequate
source of phosphorus (58).

IV. Effects on Enzymes and Other Biochemica! Parameters

Clotting Time

Sodium hypophosphite was tested In vitro on rabbit plasma, in a
concentration of 0.64 M, by Sterner and Medes. Both the control sample
and the hypophosphite sample had a clotting time of 1 minute. It was
concluded that sodium hypophosphlite does not inactivate prothrombin (51).

V. Drug interaction

No Information Available
VI. Consumer Exposure Information

Hypophosphites are used in foods as nutrients and/or dietary
supplements. No Information Is avallable on the amount found in foods.

16
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L]
Aus zahlreichen Arbeiten ist das anatomische und pathologisch-
physiologische Bild der Phosphorvergiftung aufs Beste bekaunnti).
Auch diec Grundlagen seiner therapeutischen Anwendung sind durch
das Fxperiment wenigstens zum Teil gesehaffen. Nach wie vor aler
ungekliirt bleibt die Frage wie ecigentlich der ’hosphor wirke. Re-
kanntlich sind hier drei Theorien aunfgestellt. Nach der cinen soll
P als solcher wirken. Die Tatsache, dall in schr akut verlaufenden
Fitllen schwerer P-Vergiftung, freier P sowohl im Blute wie auch in
den Organen nachweisbar war, zusammen mit der angeblichen Un-
giftickeit der Oxydationsprodukte des P, hat zu dieser Anschanung
geflibrt, dic aber zweifellos insofern unbefriedigend ist, als man sich
die Wirkung des elcmentaren Y als solchen schwer vorstellen kaun.
Man kann allenfalls daran denken, daB die Sauerstofiaviditiit des in
freicr Form resorbierten P eine Schiidigung wberall da bedeuten
mitsse, wo er sich anhiiuft, also insbesoudere in den lipoidreichen
Geweben und vor allem in der Leber. In der Tat bat man auch

1) Die iilterec Literatur bei Munk und Leyden, Die akute I-Vergif-
tong, 1863, ferner bhei Dybkoweki, Beitrige zur Theorie der P-Vergittang.
NMoppe- Seylers med. chem. Unters. Berlin, 1866, 8. 49-%0. Die neuerc Lite-
ratur, besonders auch ither die Stoffwechselvorgiinge vei P-Vergiftung, vei
R. Tischner, Virchows Arch. 1934, Bd. 173, 8. 40. Bei E. Frank und 8. Isaak,
Arch. f. exp. Puth. u. Pharw. 1911, Bd. 64. Hirz, Zeitschr. 1. Biolg. 1913, BJ. 60,
8. 187, H. Rettig, Arch. f. exp. Path. u. Pharm. 1914, Bd. 76, 8. 335.

Archiv f. experiment. Path. u, Pharmakol. H4. 103. 19

.
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gerade vom pathologisch-anatomischen, aber auch vom pathologisch-
physiologischen Standpuukt aus, dieser Reduktionswirkung des P
eine wesentliche Rolle zageschrieben.

Die unleugbare Tatsache, dal I in wiisseriger Lisang bei Ge-
genwart von 0, also vor allcin im Blate, aber auch in den Geweben,
mit bestimmter Geschwindigkeit zu phosphoriger und unterphos-
phoriger Siiure oxydiert!) wird, gab Anlafl zu der zweiten Hypothese,
wopach der P nur insoweit wirke, als er in diese Oxydatiouspro-
dukte umgewandelt wird. Gegen diese Theorie wandten sich
H. Schulz?) und Neuwaun?) auf Grund ibrer Befunde, nach denen
sowohl noterphosphorige als phosphorige Siure ungiftig seien.

Diesem Befunde gegeniiber konnte auch die Tatsache, dal phos-
phorige Sdure nach P-Vergiftung im Blute und in den Geweben
festgestellt ~~vded), nicht beweisend sein. SchlieBlich sci noch die
dritt . Lypou.ce erwilint, nach welcher der P im Organismus zu
demi Wberaus giftizen PH; reduziert und dadurch erst wirksam
werde. Mit Santesson und Malmgren sind wir der Meinung, dal}
cine solche Bedeutung des P’H; nur io Ansnahmefillen gelten kaun,
in dencn nach Aufuahme grifBiter P-Mengen cine hyperakute Wirkung
eiantritt. _

Betrachten wir diec angefuhrten Hypothesen, so crscheint eine
Reduktionswirkung des I' durchaus walrscheinlich, doch kann auch
cino Betciligung der Oxydationsprodukte nicht als ausgeschlossen
gelten. Es ist zu bedenken, daB einc Bildung solcher Snbstanzen
in den Geweben selbst eine durchaus andere Wirkung entfalten
konnte als wenn man sie per os verabreicht, eine Aunscbauung, dic
schon II. Schulz®) vertreten hat. Wir hiclten es daler flir geraten,
dic Wirkungen der niederen Oxydationsprodukte des P auf dber-
lebende Organe zu stndieren. Auch schien es nitig, die Frage uach
der toxischen Wirkung dicser Substanzen an ganzen Tieren erncut
pachzupriifen. Da die Phosphorsiiuren nach Starkenstein¢) als

1) Vaclay Plavec, Pliigers Arch. 1924, Bd. 49, S. 1 uud H. Vobl, Berl.
Klin. Wockenschr. 1863, Nr. 82, S. 329; Nr. 33, 8. 336.

2) 1. Schulz, Arch. f. exp. Path. u. Pharm. Bd. 18, S. 174 und Bd. 23, S. 150.

8) J. Neumaunn, Experimentclle Studien zur I-Vergiftung. Diss.,, Rostock
1886. .
4) Selmi, Arch. d. Pharm. 1880, 111, Bd. 17, S. 253; 1857, Bd. 19, S. 276.
Hager, Handb. d. pharm. Prax. 1887, Bd. 2, §. 672, THollefreund, zitiert bei
A.Fischer, Pililyers Arch. 1903, Bd. 97, 8. 576; dicse fanden nicdere Oxyda-
tionsstufen des P im larn und den Organen.

b) H.8chulz, Arch. f. exp. Path. u. Parm. Bd. 23, 8. 151.

6, Starkenstein, Ebenda 1914, Bd. 77, 8. 45.
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Ca-fillende Substanzen giftige Wirkungen austiben und, in allerdings
recht hohen Konzentrationen auch an tiberlebenden Organen wirksam
sind; da ferner Staub!) vor kuarzem die glinstige Wirkung der Phos-
phatc auf das tberlebende Froschherz demoustriert hat, so kinnte
man bei jeder Untersuchung der Wirkung der niederen Oxydations-
produkte des P den Einwand erheben, daB das eigentlich wirksame
dabei dic durch Oxydation gebildete Phosphorsiiure sei. Diese An-
schauung haben schon Munk und Leyden? auf Grund allerdings
ganz ungeeigneter Lxperimente zu stlitzen gesucht. Wir werden
Jedoch zeigen, daBl die Wirkungen insbesondere des Posphits sich
gum Teil in qualitativer Hinsicht zum Teil hinsichtlich der wirk-
samen Dosis von denen des Phosphats wesentlich unterscheiden.
Uberdies ist zu bemerken, dall die Oxydation der phosphorigen
Sture dorch Gewebelbrei bei Anwescoheit von Sauerstoff nach unseren
Beobachirr . aberaus langsaw verlinft. Wir werden auf die Frage
einc, spezifischen Phosphitwirkang noch wiederholt zurtickkommen.

P KV Y

Kurve 1. Versuch 110x. 12. X1.1923. Wirkung des Tonophosphans anf das

Merz eines in Chloroformnarkose verendeten Kaninchens. Erst 1’5 Stunde nach

Herausnahme und Durchstrémung im Apparat nach Locke-Rosenheim be-

gaun das Herz vereinzelt sich zn kontrahieren, wie a zeigt. 52 02/ und 3% 05’

oberhalb der Heizspirale jo 2 cem Tonophosphan 1: 10000 injiziert, worauf die

Herzaktion, wie b und c zcigen, ianerhalb 10 Minuten ein bedeutcndes ApsinaB
erreicht.

1) H.Staab, Phosphatwirkung am Herzen. Bioch. Zeitsehr. Bd. 127, 8.235.
2) Munk und Leyden, a. 3. 0. ¢

19+
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Unsere Untersuchungen wurden angeregt durch Befunde, dic
wir bei der Pritfung der pharmakologischea Wirkuog des Tonophos-
phans erhiclten, einer or-
ganischenVerbindung der
phosphorigen Siture, und

" tber die wir in der kli-
nischen  Wochenschrift

‘,'—:(‘ e 3
A%
Ut e C R PR SRR T SO

a b

Kurve 2. Versuch 12. 8. 1. 1923. Tonophosphanwirkung am Katzendaim.
a Darmbewegung obne ‘L'onophosphan. b 45 Minuten nach Zusatz von 0,5 cem
Tonophosphan 10/, (4,

por ~"r~——’°—*r’ r—w—-—‘"«-—"—c}' 5

1

3

v ] . . )
“-M.A‘Iu;-&i_\.suﬁk.'i S St i i -

a b c
Kurve 8. Versuch 109. 27.1X.1923. Tonophosphanwirknung am Meerschweinchen-
uterus. a 4* 10’ Uterusbewegungen in reiner Lockelisung. b 4® 30’ unter
Tounophosphauwirkung 4% 19’ und 4® 23/ Tonophosphan 1:100 je 1 cem aur
25 cem Suspensionsfliissigkeit). ¢ 5® 50’ nach Ausspillung und Wechsel gegen
: reine Lockelisung: 5h 327,

ktrzlich berichtet haben'). Es stellte sich in Versachen an Uberleben-
den Organcn eine betriichtliche funktionssteigernde Wirkung heraus bei

1} Rlin. Wochenschr. 2. Jahrg., Nr. 19, S. 872,
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sonst fehlender Giftigkeit. AuBcrordentlich geringe Konzentrationen
erwiesen sich als wirksam (1:10—1:100 Millionen). Diesc Wirkung
war besonders an geschidigten Organen erkennbar und war unter
anderem dadurch gekennzeicbuet, daf sie stets erst mit einer Latenz-
zeit von einigen Minuten zur Geltung kam. Beispiele der Wirkung
des Touophosphans zeigen die Kurven 1—3. Seither machten wir
noch dic durch cine Reihe gleich verlaufener Versuche ges'nhicrt»
Beobachtung, dafl Tonophosphan am Durchstrmungsapparat nach
Liwen-Trendelenburg cinc reversible, erhebliche Gelillverenge-
ruog schon in Konzentrationen 1:1 Millionen hervorruft (Kurve 4).

¥ | ) v | s |3 0 2

¥ ..ve 4. Versuci 79. 1. VI. 1923, GefiiBwirkung des Tonophosphans aw Frosch-
priiparat nach Trendelenburg. Auf 2 cem Tonophosplian 1 :1 Million sinkt
die ‘Tropfenzabl von 34 auf 2 in der Minute herab.

Da wir annahmen, daB es sich bei der Wirkung des Tonophos-
pbans im wesentlichen um eine Phosphitwirkung handeln mitsse, so
fuhrten wir diesclben Versuche auch mit Natriumphosphit durch.
Hicrbei zeigte sich in der Tat cine vollkommene Analogic der Wir-
kung it der des Tonophosphans mit dem praktisch-therapeutisch
allerdings schr bedentsamen Unterschiede, daB8 dos Natriumphosphit
im Gegensatz zu dem Tonophosphan nicht ungiftig ist.

I. Versuche mit Natriumphosphit.

1. Am suspendiorten Froschherzen nach Straub. Kaniilenfiillung
1 cem.

Von unsercn sehr zablreichen Versuchen sci mur einer vom 30.
VIII. 1923 in Form ecines abgekiirzten Protokolls wiedergegeben

(Kurve b).
Versuch 93.

Eskulentenherz, 23/, Stunden nach Versuchsbeginmn Nachlasson der
Herztittighkeit. Reine Ringerlisung bringt keine Bessernug. Natrinumphos-
phit-Ringer 1:100 Millionen hebt die Herztitigkeit wesentlich fur Lingere Zeit.
1 : 60 Millionen wirkt schon schitdlich, 1:1000 fibrt za soforlizem Herz-
stillstand. Nach Wechsel gegen reine Lingerlosung vollstiundize Erboluug.

Dieser Versuch zugleich mit ciner groBen Zuahl (18 gleich ver-

laufener zeigt, dal ein geschitdigtes Iresehherz durch geringe Phos-
(-] L& o ) g o

phitdosen in seiner Titigkeit erheblich gefordert, durch hihere Dosen
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dagegen geschiidigt wird. 1:1 Million ist in der Melirzahl der Fiille.
schon schildlich gewesvn. .

gy

ol r
b L
L
{‘ ‘:‘!.‘ oy “,‘,f
\‘ ! m“"”“l‘"
H
a b

Kurve 5. 30 . .. 1923, Natriumphosphitvirkung am_ Froechherzen. a Glostige
Wi Lug durch NaxliPO; 5. 100 Miltionen . 4. b Vollkounmenes Versagen nach
Na POy 1:1000 (45,

2. Am isolierten SHugetierborzen, Apparatur nach Locke-Rosen-

heim. Durchsirémungsfiiissigkeit nach Locke mit 1%/ Glukose.

Tomperatur 38 -a0°,

'Abgek[lrzles I'rotokoll vom 5, IX. 1925, Kaninchenberz (Kurve 6

-
Yorsucl 94,

Nachdem das Hers 1 Stande gleichwiBfivy in Appa ot gearboilet hal,
fuhren 2 cem ciner Phorplitlgsnng 101 Miiliou, in den Sehlanch oberhatl
der Mcizspivale injiziert, zu ciner erheblichen Steigereng der Herrlon
traktionen, dic fast 2 Stouden anlidt. 2 cem Natrispliosphit 10 100000,
an gleicher Steile dnjivint, sehiidigen das Hevzo Frews der Duchsta:
mungstlitssickeit dureh neoe, phosphitiveie, fithrt vunioei-t fast zum Herz-
stillstand, dev durch evyoute Tnjeition von je 1 eem Natrinwapho:phit 110
und 1:1 Million voriilicrzehend behoben werden kavn.

o .

oty
H

N Antnaniakitai s lid -_-51 .
) : ] :
} | |
i
. ORI ;...t....-..‘:.w.l’ [ i ol
a b

Kurve 6. 0. IX, 1923, Nauwiumphosphbitwirkung s Kaninchenherz, a2 110 437
ohne Ni HI'O, 1 Stunde nvach Beginn der Durchstrimung. U 12% 407 pack In-
yektion von 1 cew NupHPO, 1:1 Million in zwei Gaben: um 130 037 und 120 16°,
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Es beweisen diese Versuche, von denen wir insgesamt tiber 15
verfilgen, dafl auch am Siiugetierherzen dus Phosphit in geringen
Doscn eine funktionssteigernde Wirkung entfaltet. Die schidlicle
Dosis liegt bei 1:100000. Dabei ist aber daran zu erinnern, duB
durch dic Zumischung der Injektionslisung zu der die Heizspirale
durchstrimenden Flissigkeit eine weitere erhebliche und nicht abzu-
schiitzendc Verdilpnung eintritt,

3. \{ersuche am iberlobenden Katzendarm. Suspension in 25 cem
Tyrodeldsung.

Abgeklrztes Protokoll des Versuchs vom 10.]X. 1923.
Versuch 98.

“.av.dem die Rewegungen des Darmes etwas nachgelassen Laben,
werden sie durch Zusztz ven nur 2 cem Notrjumphosphit in Tyrode er-
heblich verstiirkt bei gleichzeitiger miBiger Steigerung des Tonus.  Die
Besscrung hilt 1 Stunde lang an. Wechsel gegen veine Tyrodelizung
bringt starkes Sinken des Tonus und Nachlassen der Bewezungen. 1 Stunde
spiter wird der rur wenig etholte Darm dureh erncuteu Zusatz von 2 cem
Natriumpbosphit 1 : 100 Millionen wiederum erregt unter gleick.citigem
Tonusavstieg. Nachtriigliche Steigeruug der Dosis auf 1: 100000 Life
keine Wirkung mehr erkennen.

Die Zabhl unserer Darmversuche betriigt zwiolf. Sie gaben bis
auf wenige Ausnalmen alle das gleicbe Resultat.

4. Versuche an der iiberlebenden Blase. Suspension in 25 cem
Lockeldsung. Sauerstoffzufubr. Temperatur 38—39°,

AbgekrztesVersuchsprotokoll vom 17.1X. 1923, Meerschweinchenblase.
Versuch 104,

Nachdem die zuniichst guten Bewcgungen der Dlase sich etwas ab-
geschwiieht haben, werden sie durch Znsatz von insgesamt 3 cem Natvium-
phosphit 1: 10 Millionen erheblich verbessert. Wechsel gegen reine Locke-
losung wirkt verschicchternd auf die Aktion, dic dureh Zusatz von 2 cem
Natriumphosphit 1: 100 Millionen wieder sehr dentlich gesteizert wird,
Der Tonus indert sich nicht, XNachdem die verbesserie Aktion Lingere
Zeit angehalten hat, werden 2 ccm Natrinmphosphit 1 :1 Million zugesctat
mit dem Erfolg ciner Keschleunigung der Dewegungen. Weitere Zusiitze
von 2 cem der gleichen Lisury wirkten indessen schon leieht schidlich
und die Erholung der Dosis dureh Zufigen von Natriumplospbit 1 : 100000
und 1: 10000 fiilrten zu weiterer Verschlechterung der Aktion und Touns-
nachlaB [Karve 7).
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Gesamtzalil der Versuche au der Blase acht. Ergeboisse gleicl,
wenn auch nickt immer gleich ausgeprigt.

L VTS

. a b
N| "y ({ A ’
» 32% )
¢ d
Kurve 7. 17.1X.1923, Phosphitwirkung auf Meerschweinehenblsse. a 2B (0
in reiner Tyrodeljeung. b 3% 187 pach Zusatz von 2 com Na.iIP0;1:10 Miilicacn

20
um 21527 ¢ 5P 27 nach Wecheel gegen reine Loclelgsuny (4% d 4420 Zu-
pahme nach Zusatz von 2 ccm NaoHI0y i:10 dillioney nm 3 .

T
o~

P

6. Versuche am iiberlebenden Utcrus. Susponsion in 23 cem
Lockeldsung. Sauerstoffdurchleitung. Temperatur 38599,

Gekirztes Protokol! vom 5. IN. 1923. Kaninchenuteris.

Versuch 93.

1 : 1 Millioncn Natrivmphosphit wirkt verstarkend auf die Bewegungen.
1:100000 ist deutlich schidlich.

Die Wirkung von Na,HPO; am Uterus war chenso dentlich wie
beim Toncphosphau, wo wir schr erbebliche Lrregnug festetellen
konnten.

Die Gesamtheit der Versuche an tiberlehenden Orgaven zcigl
also, daB Phosphit in sehr geringen Konzentrationen errezend, i
hoberen schiidigend auf die Fuuktion einwirkt.

1I. Versuche mit liypophosphit.

Da nchen phosphoriger Siure stets auch uuterphosphorige Siure
entsteht, wenn P bei Gegenwurt von Sanerstofl mit Wasser in De-
ribrung kommt, so haben wir auch dessen Wirkung auf tiberlebende
Orgaue uatersucht. Bemerkenswerterweise ist Hypophosphit {ast
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_ glhnzlich wirkungslos, Am isolierten Froschherzen macht es erst in
ciner Konzentrution von 1:100 ejue Schidigung. Das Herz wird
derart durchlissig, dalB iunerbalb 1 Minute bei fortwiihrendem Nach-
fullen der Kanfile 2—4 ccm Flissigkeit hindurcblaufen, withrend zu-
gleich die Aktion aufhirt. Unmittelbar nach Weehseln der Flussig-
kcit gegen reine Ringerlisung wird die Durchliissigkeit wieder normal
und das Herz beginnt wieder zu schlagen, ohne daB von ciner dau-
ernden Schidigung etwas zu merken wiire.

III. Losungen von Ihosphor.

Wonn eine alkoholizche Losung von Phosphor 1: 1000 mit Ringer-
oder Lockeldsung verdinnt wird, so erhilt man eine klare Lisung,
die in wesentlichen phosphorige- und unterphosphorige Siure ent-
hilt und ‘wa mit dem Blut nach Resorption von P vergleichbar
geia mag. Da wir mit diesen Losungen nuwr in hichsten Verditn-
nungen arbeiteten, kommt der saure Charakter der Substanzen
praktiseh gar picht in Betracht. Diese Losungen crwiesen sich als
besonders wirksam.

1. Versuche am Frosohhorzen.
Geklirztes Yrotokoll vom 11, IV. 1923. Eskulent.

Versuch 36.

Eine L&sung von 1:1 Million bewirkt in kurzer Zeit starke Schi-
digung des llerzens: Nachlassen der Kontraktionen, dann Arvilmie,
scliliefilich systolischien Stillstand.  Wechsel gegen reiue Ringerlosunz
bringl das Herz wieder zum RSchlagen, beseitigt aher die Arythmie nicht
villig. Einfithren einer P-Losung in Ringer 1: 400 Millionen beseitigi dic
Arvythmic und fordert die Aktion, AWechsel zegen reine Ringerlisung setzi
sic wicder stark herab und erncute Zufubr von P 1 :100 Millionen kelt
gie wieder so, dal sie der Anfangsaktion gleich wird.

Siimtliche Versuche, insgesamt zehn, batten das prinzipiell gleiche
Ergebnis: Forderung in kleinsten, Hemmung in griBeren Dosen.

.

2. Vorsuche am tiiberlebonden S#ugetierherzen, Anordnung wie
oben, in Lockeldsung,

Abgekurztes Protokoll vom 16. IV. 1923, XKaninchenherz.

Versuch 40.

Injektionen von znerst 2 eem P-Lisung 1:10 Millioner, dann 2 cem
1:5 Millionen verbessert dic von Anfang an miilige Herzaktion erheblich.
Injekiionen von 1 : 1000 bringt das Herz sofort 2nm Stillstand. Mit nach-
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1

fliefender P-frcier Losung kommt es wieder in Titigkeit. Die spiiter
pachlassende Titigkeit konute durch Injektion von 2 cem der Lisung
1:10 Millionien nochmals wesentlich gebessert werden.

Gesamtzabl der Versuche neun, Ergebnisse identisch.

8. Versuche am iiberlebenden Darm.

Abgekiirzics Protokoll vom 25. IV. 1923. Kaninchendarm in Tyrode-
losung.

Versuch 52.

Der von Anfang an nicht gut arbeitende Darm erlangt unter P
1:10Q Millionen optimale Titigkeit. Lésungen vom 1:1 Million und be-
sonders von 1:102("0 wirken erbeblich schidigend. Bei Wechsel gegen
reinc Tyrod-l.sung hdrt die Titigkeit des Darmes fast vollig auf, worauf
Zusatz von 0,2 cem P 1:100000 zur SBuspeusionsfitissigkeit sie erneut
stark anregte. )

Gesamtizahl der Versuche zebn.

4. Versuche am iiberlebenden Uterus.
Abgekiirztes Protokoll vom 3. V. 1923. Kauinchenuterus (Knrve 8).
Versuch 685,

Nach langerer gleichmitBiger Tittigkeit werden die Bewegungen durch
Zusatz von 1 cem P-Losung 1:40 Milllonen erheblich verstiivkt, Der
Tonus steigt langsam. Nach Wechsel gegen reine Loekelozung sinkt der
Tonus zuniichst stark ab., Nachdem er konstant geworden ist, machen
viermal 1 cem der Losung 1:40 Millionen Verstirkung der Bewegungen,
aber keine Tonussteigerung mehr.

'ﬂ/ / f’ ,]/
/l ‘« | ¥ &p/

Kurve 8. 3. V. 1928, Wirknvy ven P-Lisung auf Uterus von Kaninchen.
8 Bei (4] Zusatz vom 1 ccm P-Lisung 1:40 Millionen. b 25 Minuaten spiiter.

——
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Auch aus den Versuchen mit P-Ltsungen ergibt sich die funk-
tionssteigernde Wirkung Kkleinster Dosen und die schiidigende Wir-
kung der grifieren. Da in den Lisungen lediglich die phospherige
Siiure wirksam sein kann, so Lestitigen sie die mit Natriumplosphit
angesteliten Versuche. o

Vergleichen wir dic mit phosphoriger Stiure erzielten Resuliate
mit dencn, dic Staub mit Phosphat erhielt, so fallt vor allem der
Unterschied in der wirksamen Dosis auf. Staub arbeitete mit N.100
Phosphatgemisch. N 1C0 primiires Natriumphosphat cntspricht einer
Konzentiation von 1 :460C0, X, 160 sekundiires Phiosphat ciner Kou-
sentration von ctwa 1:1000. Mit beiden Phosphaten hat Staub am
Froschherzen sebr ginstige Becinflussung der Funktion erreicht. Ich
ge'bst Lizbe fm Ninblick hierauf auch cinige Versuche mit Phosphat
an S ..erorganen gemacht, dic aber negativ verliefen. Die Zahl
der Versuche ist indessen cine zu geringe, als daB sie Schitisse ge-
stattete. Es muB aber besonders daraunf bingewiesen werden, dal
ansere Darmversuche sitmilich in Tyrodeldsung vorgencmmen wurden,
dic schon von vornhercin einen Phosphatgehait von C,05 g auf 1],
d. b. also von 1: 20000 hatte und dafi Lierin Fhosphit in ciner Kon-
geptration von 1:10 Millionen sich als wirksam erwics. Es kann
gomit nicht an eine sekundiire Wirkuug von auns Phospuit entstehen-
dem Phosphat gedacht werden.

IV. Uhor dic Toxizitit der O-Verbindungen des P.

Nachdem wir festgestellt hatten, dall dem Phosphit an tber-
Jebenden Organen cine erbebliche Wirkung zukommt, schien uns
eine erneute Pritfunz seiner Wirkung am ganzen Tiere notwenilig
im Vergleich zur Witkung des Hypophosphits sewie des P relber.
Bierbei zeigte sich, dal enigegen den Ergelmissen von H. Schulz
und von Neumann das Phosphit bei subkutaver Zufuhr zweifcllos
giftig ist. Das Prijparat war, wie eine genaue Untersuchung mittels
des Verfahrens von Marsh zeigte, vollig frei vou As.

Abgekurzte Protokolle.

Zwei Temporarien, A minnlich, 23,2 ¢ Gewicht; B weiblich, 19,95 g
. Gewicht.

Deide erhalten am 7. 111 1923 um 11% G0° 0,5 com Natriumphos-
phat 1:100 in den Brustlymphisack, um 3% 45" 1 cem, um 7" 10" noch-
wals 1 cem, ohne wesentliche Wirkung.  Am 4. VI werden um 10* 43°
1 cem, um 11 30’ 0,15 cem injiziert. Um 12L 00’ zeigt A fibrilluve
Zuckungen an Bauch und Beinen, bei B treten krampfartige Kontraktureu
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auf, Beide Tiere bewegen sich mhsam. A bekommt nochmals 1 com,
Um 1% 15’ zeigen beide Tiere fbrillire Muskelzuckuugen und Streci:-
kriampfe bei jedem Bewegungsversuch. Am 5. VIL um 4" 35" haben die
Zuckungen bei beiden Tieren aufgehdrt. DBewegungen kricchend. Um
8t 45’ dulden dic 'l'iere Liickenlage. Am 6. VIL ist A tot, B hat sich
yollig erbolt. A hatte im ganzen 5 cem, B 4 cem der Losung 1:10u,
also 5 bzw. 4 cg erhalten. Dic Sektion ergibt bei A ein in Diastole
stillstehendes Herz von mittlerer Fillung. Die Leber von derber Kounsi-
tenz, graucr Farbe und ziemlich blutarm. — Niere sehr blaf. Im Ab-
domen eiue serds blatige Fliissigkeit. In anderen Fillen wurde das Herz
in Bystole stillstehend gefunden und Leber und Niere waren bei akut
verlaufenden Vergifiungen eher byperimisch.

Tm allgemcinen gentigten 0,1 g Phosphit um Frosche - innerhald
wani~ ¢ sanden zu titen. Wintertiere sind etwas widerstandsfihiger,
gehen aber auch nach 12 Tagen zugrurde. Miuse kommen nach
0,15—0,2 g subkutan innerhalb weniger Stunden zum exitus. Bei
Meerschweinchen gentigten 0,2—0,5 g. GroBe Tiere zeigen sich aber
oft recht widerstandsfiihig. Man muB dann mehrere Tage 0,0 g
geben um tudlichen Ausgang zu erbalten. In einem Falle gab ich
4 Wochen hintereinander civem kriftigen Meerschweinchen jeden
2.—38. Tag 2 cem Natriumphosphit 1:10, also jedesmal 0,2 g ohue
Anderungen scines Zustandes feststellen zu konpen. Erst in der
b. Woche starb das Tier nach einer Einzeldosis von 0,2 g.  Das Er-
gebnis der histologischen Untersuchungen siehe weiter unten.

In eirem anderco Versuche crhiclt ein Mecrsehweinchen in den Tagen
vom 17.—19. X. 1923 iusgesamt 0,8 g Phosphit subkutan. Am 20. X.
wurden ibm 0,2 ccm auf einmal injiziert, kurz danach erkrankt es schwer.
s wird paretisch, zeigt Trinenflu, Diarthoe und Polyurie, zittert und
schreit bei jeder Deriibrung. Am nichsten Tage ist es schwer krank und
geht mittags ein.

Die histologische Untersnchung der Organe, die wir dem Liesigen
pathologischen Iustitut verdanken, ergab weder bei den schnell noch
bei den allmiihlich innerhalb einizer Tage cingegangenen Frischen
etwas Besondercs. Vor allem feblten Verfettuugserscheinuugen in
Leber und Nicre. Auch bei dem im zuletzt geschilderten Versuche
innerhalb von 4 Tagen eingchenden Meerschweinchen zeigte sich
nichts von Bedentung. Dagegen ergab die histologische Untersuchung
des ohen erwiihuten 4 Wochen lang wit Phosphit behandelten Tiercs
folgenden Defund:

Lungen: Vercinzelte Blutungen in den Alveolen. Niere: Starke Blut-
fullung der Glomeruli, vereinzelte Blutaustritte in der Nierenrinde. Leber:

MiBigs aber unverkeunbare Verfettung der Leberzellen und erhebliclio
Hyperiimie.
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Genau wie die Wirkung des Phosphits, nur intensiver und
schneller im Verlauf, erweist sich die Wirkung von wisserigen P-
Losungen. Frische geben nach Injektion von 1 mg P in alkoboli-
scher Lisung innerliaib weniger Stunden ein. Bei Anwendung einer
Lbsung von 1:10CCO;, mit Wasser oder Ringerlosung aus der alko-
holischen Stammlozung 1:1000 hergestellt, ergibt sich das gleiche
Bild. Die Erscheinungen sind Lihmungen, dic mit ataktischen De-
wegungen beginnen und mit volliger Dewegungslosigkeit enden.
Fibrillire Zuckungeu sind selten, dagegen wurden mehrfack Zuk-
kungeu ganzer Muskelbtindel heobachtet. Die zur Kountrelle mit den
entsprechenden Mengen Alkohols gespritzten Tiere erholten sich stets
vollstiindig.

Abrek’ s Trotokoll eines Versuches an der weiflen Maus.

- 28. VI. 1923, Injcktion von zweimal 0,5 cem einer P-Lisung 1:10000.
Zun‘tchst ohuc deutliche Witknnz, Am 29. VI. morgens erhitlt dus Tier
0,25 ccm ciner atkololischen P-Lisung 1:1000. lunerhalb von 45 Mi-
nuten schwere Vergiftungserseheinungen: L"\Lmung, Atewnot, schlieflich
Atemstillstand und Ted jonerbalh 1 Stunde nach der Injektion. Die
Sektion ergab auch hier histologisch keinerlei Verinderungen ao den
Qrganen.

Erheblich weniger giftig als Phosphit und I-Lbsungen erweist
sich das Hypophosphit. Friosche halten sclbst wiederholte Injek-
tionen von Lisungen 1:10 wibrend melrerer Tage aus.  Selten
kann man mit Losungen 1: D Lixitus herbeifithren. Meerschweinchen
erwiescn sich als anscheinend villig resistent, sclbist gegentiber sebr
groBen Dosen. Ledizlich Miuse sind, aus unbekannten Griinden,
ziemlich empfindlich. Schon nach 2 cem eiver Hypophosphitlisung

"1:10 giogen sic wicderholt mit ganz Zhnlichen Erscheinungen ein

wie nach Phosphitvergiftong.

Vergleichsweise haben wir auch cine Anzalil von Froschen mit
I\atrmmphoaphat vergittet.  Das Bild ist hicr besonders durch die
langanbaltenden fibriliiren Zuckungen in allen Muskeln gekenn-
geichnet.  Von Bedeuntung fiir die wiederholt ervrterte Frage, ob
etwa das Phosplit lediglich nach Oxydation zu Phosphat wirke, ist
dic durch Starkenstein gefundene Tatsache, daB man die Phos-
phat\erf'xftmw durch CaCly aufheben bzw. verhitten kaunn. Dagegen
konnten wir die tidliche Wirkung des Phosphits dureh CaCly nicht
beeinflussen. Es verschwinden lediglich dic beim Phosphit weit
spiirlicheren und viellcicht auch auf Ca-Entzug herubenden fibrilliiren
Zuckungen, der Tod trat aber trotzdem ein. Es muBl demnach auch
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aus diesem Gronde dem Phosphit cine besondere, von der des Phos-
phats verschiedene Wirkuug zugeschrieben werden. Die Einwir-
kuvgen, die Starkeustein wit Phosphat an isolierten Kalt- und
Warmbliterherzen, sowie am Kaninchendtundurm fand, lieBen sich
ebenfalls durch CaCl. aufheben. Uberdies verwandte er N;5-Li-
sungen von Phosphat, entsprechend einer Konzentration von ctwa
1:50, welche Dosis mit den von uns als wirksam befundenen
geringen Phosphitmengen gar nicht in Vergleich gesctat werden
kaun.
V. Zur Theorie der Phosphorwirkung.

Wir haben gezeigt, daB das Phosphit eine stark wirksame Sub-
stanz ist. Es erhebt sich die Frage, inwieweit dieser Befund ge-
- eignet ist zur Erklirung der Phosphorwirkungen beizutragen. Io
dicser ¥ .. ut ist das Frgebnis der histologischen Untersuchungen
vou Belang. Wie wir zeigen konnten, bekommt man auch bei pro-
trahiertem Verlauf der Phosphitvergiftung keine jener auffilligen
degenerativen Organveriinderungen, wie sie flir die akute, vor allem
aber die chronische P-Vergiftung charakteristisch sind.. Andererseits
ist es bekaont, daBl bei Vergiftungen mit sehr hohen P-Doscn und
sehr akatems Verlauf ebenfalls keine Organveriinderungen fesizustellen
sind. Wir halten es daher filr wahrscheinlich, dal in diesen Fillen
die Uberschwemmung wit Phosphit dic Todesursache ist, vumal wir
feststellten, dal} holic Phosphitdoescn sehwer schiidigend iuslesondere
auf das Herz einwirken, dessen Lihmung auch bei jeneu hyper-
akuten Fillen von P-Vergiftung als Todesursache betrachtet wird.
So hat H. Meyer!) experimentell Herzlithmung dureh ' erziclen
kianen zu einer Zeit, da noch keinerlei degenerative Organyerinde-
rungen eingetreten waren.

Auders bei der chronischen Vergiftung. Hier, wie ber den niciit
allzu akuten Fillen, ist cs ohue Zweifel dic redazierende Wirkuug
des P av den Stcllen, wo er gespeichert wird, welche dic Haupt-
rolle spielt. Durch die lauganhaltende Enizichung von Sauerstotf,
die Lei der stetigen und langsam fortschreitenden Oxydation des I’
an jenen Stellen cintreten aufl, werden die eharakteristischen dege-
nerativen Lrscleinungen iushbesondere die fettige Degencration, ver-
ursacht, die ja allgemcin als eine Folge der Sauerstofiverarmung
betrachtet werden.

1) U. Meyer, Arch. f. exp. Path. u. Pharm. Bd. ]4 S. 813, ziticrt auch bel
v. Maschka, Wico. Med. Wocheuschr. 1834, Nr. 21, S. 618, der ebeufalls Herz-
Yiilhmung bei schr echnell uad ohue uachweisbare ana'omlscha YVeriuderungen
verlaufenden P-Vergittungen aunimmt.
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Was aber schlieBlich dic therapeutische Wirkang Kkleinster
Phosphordosen betritit, so glauben wir, daB bierbei der Phosphit-
wirkung cine weseutliche Rolle zukommt. Die funktionsanregenden
Wirkungen minimaler Phosphitdosen, wie wir sie in unseren Ver-
sachen nachwiesen, entsprechen der therapeutischen Indikation der
P-Medikation, und es crscheint in dieser Hinsicht besonders wichtig,
daB Wegner auch mit Phosphit wie mit Phosphor, Begilnstigung
des Knochenwachstums erzielte.

Solcbe Betrachtungsweise mufl notwendig zu dem SchloB fithren,
daB bei der therapeutischen Auwendung des P lediglich Kkleiuste
Dosen anzuwenden sind und daBl sie zur Erreichung der erwlnsch-
ten Wirkung auch ausreichen. Die mit Recht wegen ilirer Gefahren

. gefirchiete .. . endung grisflerer Dosen muB nicht nur, sondern sie
kanu auch vermieacn werden, ohne eine Beeintriichtigung der thera-
peutischen Wirkung.

' Zusammenfassung.

1. Es werden kurz die ttber den Wirkungsmecharismus des ¥
im tierischen Organismus bestehenden Theorien besprochen.

2.-Kurze Wiedergabe der Versuchsergebnisse mit Tonophospban
an Uberlebenden I'rosch- und Siugeticrorganen. ‘Tonophosphan
regt dic Thitigkeit mangelhaft schlagender Frosch- und Siugetier-'
herzen an. Ebenso findet cine Steigerung der Arbeitsleistang Dbei
isolicrten, tiberlebenden Ddrmen, Blasen und Uteri von Siinge-
tieren statf. .

3. Die Annahme, daB es sich beim Tonophosphan um eine
Phosphitwirkung handle, wird durch Wiederholen dersellen Versuchs-
reihen mit Natriumphosphit bestitigt.  Auch Natriumphosphit ver-
mag in starken Verdtinnungen in gleichem Sinne wie Tonopbosphan
zu wirken, doch besteht ein Unterschied darin, daB Tonophosphan
sclbst in einer Konzentration von 1:100 nicht schidigend wirkt,
Phosphit dagegen in ciner Konzentration 1:1000 die Bewegungen
tberlebender Organe zum Stillstand bringt.

4. Wisserige Lisungen von P hergestellt aus einer alkobolischen
Stammlisang 1:1000) wirken wie Phospbit, uur mtissen noch stiirkere
Yerdiinnangen angewandt werden, da Konzentrationen von 1:1 Million
gum mindesten aber 1:100000 bereits sebr starke Schitdigungen
der Organe verursachen.

5. Mit Hypophosphit kounte an keinem Organe ein glnstiger
Effekt einwandfrei beobachtet werden. Auch Schiidigungen waren
am Froschherzen nur bei Benutzung einer Kounzentration von 1:100
zu crzielen.
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6. Es wird gezeigt, daR Pbosphit- und Phosphatwirkung nicht
identisch sind. :

7. Eino Nachprifung der Toxizitit von Phosphit an Frischen,
weiBen “7icu und Meerschweinchen zeigt, daB bei subkutaner
Ay wunuidon von 1—3 eem einer Losung 1:10 bei Froschen und
Miiusen, 1—5 cem bei Meerschweinchen, die Tiere innerhalb weniger
Stunden ecingeben. Mit Hypophosphit konnte tsdliche Vergiftung
nur bei Frischen mit grofiten Dosen und bei Miiusen beobachtet
werden.

8. Auf Grund der gefundenen Tatsachen wird der Versuch ciuer
Erklirung der P-Wirkung im Organismus gemacht.
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Numerous works have taught us about the anatomical and patho-
logical picture of phosphorus intoxication®. Also, the fundamentals
of its therapeutic use have been laid at least in nart by various
experiments. However, now as previously, the question as to the
actually manner in which phosphorus acts remains unclarified. Three
theories, as is known, have been proposed. According to one, P is
supposed to act only as phosphorus, The fact that, in very acute
cases of P-intoxication, free P was detectable in both the blood and
in the organs, together with the ostensible innécuousness of P's
oxidation products, led to this view, which is, however, unsatis-
factory insofar as it is difficult to imagine the action of elemnntary
P as such, In any case, we can assume that the oxygen avidity c.

P absorbed in free form must indicate harm everywhere where it
accumulates, thus especially in the lipoid-rich tissues and above all
in the liver. Indeed, from the pathological-anatomical, and also

the pathological-physiological point of view, a significant role

has been ascribed to this reduction effect of P.

The undeniable fact that P in an agqueous solution in the nresernce
of 0, thus in the blood especially, but also in the tissues, is
oxidized with a certain speed into phosphoric and subphosphoric
acidz, led to the second hypothesis, according to which P acts
only insofar as it is converted into these oxidation products. H.
Schulz3 and Neumann4 contested this theory on the basis of their
findings, according to which both subphosphoric and vhosphoric acid
are non-toxic.

1 Older literature: Munk and Leyden, Die akute P*Vergiftung, 1865; also
Dvbkowski, Beitr#ige zur Theorie der P-Vergiftung. Hoppe-Seylers med.
chem. Unters. Berlin, 1866, p. 49-70. New literautre, esvecially
concerning metabolic processes in the case of P-intoxication:
R. Tiscnner, Virchows Arch. 1904, Bd. 175, 8. 9. Bei E. Frank und 8. Isuak,
Arch. f. exp. Path. u. Pharo. 1011, Bd. 64. Hirz, Zeitsclr. f. Biolg. 1913, Hd. 60,
S.187. H. Rettig, Arch. f. exp. Path. n. Pharm. 1914, Bd. 76, 8. 36b.

® Vaclav Plavec, Plliigers Arch. 1904, Bd. 49, 8.1 uad H. Vohl, Berl.
Klin. Woclieuschr. 1863, Nr, 82, 8. 329; Nr, 38, 8. 834,

3 . Schulz, Arch. f. exp. Path. v. Pharm. Rd. 18, S. 174 und Bd. 23, 8. 150.

4 J. X:amsun, Experimentelle Stadien zur I-Vergiftung. Dies., Nostoek
1886,
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This finding could not even bhe proved hy the fact that
phosphoric acids were determined in the blood and the tissues
arter P-intoxication.l Finally, the third hypothesis should be
mentioned. According to this theory, the phosphorus in the organisa
is reduced to the thoroughly toxic PH,, and only then becomes active,
With Santessc+t and Malmgren, we belieée that such a significance
can be ascribed to PH, only in exceptional cases, in which a hyper-
acute effect appears ther the intake of large amounts of P.

If we consider these three proposed hypotheses, the reduction
erffect of P seems to be thoroughly probable, but we cannot completely
exclude the possibility of a participation of the oxidation products,
either. It is possible that a formation of such substances in the
tissues could itself unfold a completely different action from
that seen when it is administered orally. This view was represented
by H. Schulz2. We therefore considered it wise to study the effects
of the lower oxidation products of P on surviving organs. It also
seemed necessary to examine once again the question of the toxic
action of these substances on whole animals. Since according to
Starkenstein3 the phospr..ic acids exercise toxic effects as Ca
precipitating substances and, in high concentrations also act on
surviving organs, and since Staub4 recently demonstrated the favorable
effect of phosphates on the surviving frog heart, the objection could
be raised, for every examination of the action of the lower oxidation
products of P, that the actually active substance in the gase is
the phosphoric acid formed by oxidation. Munk and Leyden- tried
to support this view with experiments that were, however, not quite
appropriate. Nonetheless, we will show that the effects of phosvhite
especially differ significantly from those of phosvhate, partly in
a qualitative respect, and partly with respect to the effective duse.
Here it should be noted that the oxidation of the phosphoric acid
by tissue sludge in the presence of oxygen takes place very slow.y,
according to our observations. We will return to the question of
a specific phosphite effect.
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Graph 1. Experiment 110a. 11/12/1923. Effect of tonophosphane on
the heart of a rabbit killed in chloroform narcosis. The heart began
to contract ¥+ hour after removal and subjection to flow in a Locke-
Rosenheim apparatus, as seen in a. 5h02' and 5h06' above the heating

coil 2 ccm tonophosphane 1:10,000 injected, whereuvon the heart action,
as seen in b and ¢, reaches a significant degree.
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Y Selmi, Arch. d. Pharm. 1880, III., Bd. 17, S. 258; 1887, Bd. 19, 8. 276.
Hager, ITandb. d. pharm. Prax. 1887, Bd. 2, 8. 672, Tollefreund, zitiert bei
A.Fischer, Piliigers Arch. 1903, Bd. 97, 8. 52_8; dicse fanden nieders Oxyda-
tionastufen des P im llarn und den Organen.

H.Schulz, Arch. f. exp. Path. u. Parm. Bd. 23, 8, 15%.

- Starkenstein, Ebenda 1914, Bd. 77, S. 4b.

_‘.’4 H. Staub, Phosphatwirkung am Herzen. Bioch. Zeitsehr. Bd. 127, 8.255.
% Munk und Loyden, 2 a. 0. o

* These authors found lower oxidation stages of P in the urine and
the organs
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Qur research was stimulated by findings which we made in
testing the pharmacological effect of tonophosphane, an organic
compound of phosphoric acid, and about which we have reported
briefly in the Klinische Wochenschrift.l 1In experiments on
surviving organs, a considerable function-increasing effect
appeared, with otherwise absent toxicity. Extraordinarily small

Cad-rco=t s el

9
‘“‘\,’ i v
. i

POy DR P 1

8 b

Granh 2. Experiment 12. 1/8/1923., Tonophosphane effect on the
cat intestine. a: intestinal movement without tonophosphane.
b: 45 minutes after administration of 0.5 ccm tononhosphane 1% ( ).
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Graoh 3, Hxperiment 109, 9‘27/1923. Tonophosphane effect on

the guinea pig gterus. a: 4710' uterus movements in pure rolling
solution. b: 4730' under tonophosphane effect (4119' and 4h23' tono-
phosphane 1:100 every 1 ccm to 25 ccm suspension liquid). c: s5hg0t
arter washing and change %o pure rolling solution: 5h321,

concentrations were shown to be effective (1:10 -1:100 million). This
effect was especially recognizable in harmed organs and was character-
ized among other things, by the fact that it always did not appear
until after a latency time of several minutes. Graphs 1-3 revoresent
examples of the effect of tonophosphane. 3Since then, we have made

the observation, confirmed by a series of simultaneous experiments,
that tonophosphane in the flow apparatus of L#wen-Trendelenburg
produces a reversible, appreciable vessel narrowing in concentrations
as small as 1:1 million (graph 4).

1} Klin. Wochenschr. 2. Jahrg.. Nr. 19, 8, 872,
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Graph 4. FRxperiment 79. 6/1/1923. Vessel action of tonophosphane
on the frog prevaration of Trendelenburg. Upon 2 ccm tonophosphane
1:1 million, the drop count falls from 34 to 2 in one minute.

$ince we assumed, that in the case of tonophosphane effect,
we must be dealing with essentially a phosphite effect, we performed
the same experiments with sodium phosphite. Here we did in fact see
a clear analogy between the effect of sdium phosphite and that of
tonopnosphane, with the difference, however, vey significant in a
practical therapeutic sense, that the sodium phosphite, in contrast
to tonophosphane, is not non-toxic.

I. Experiments with Sodium Phosphite
1. On the suspended fro; * :art of Straub. Tubule filling, 1 ccm.

* 0f our numerous experiments, we repeat here only the one of
August 30, 1923, in the form of a shortened report. (Graph 5)

Exveriment 93

Esculant heart, 2 3/4 hours after beginning of experiment,
abatement of heart activity. Pure Ringer solution produces no
improvement. Ringer sodium phosphite 1:100 million increases the
heart activity significantly for some time, 1:50 million is harm-
ful, 1:1000 leads to immediate ecessation of heartbeat. After charve
to pure Ringer solution, complete recovery.

This experiment, together with a number of simultaneous ones
(18) shows that a damaged frog heart is assisted considerably in
its activity by small phosphite doses, but is damaged by larger
doses. In the majog%ﬁgﬂﬁf cases 1:1 million was already harmful.
oot

. 'M«EI\
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a
Graph 5. August 30, 1923. Sodium phosphite effect on the frog
heart. a: favorable effect due to Na HPO3 1:166 million (% ).
b : complete stop after Na;_.HPO3 1:1008 ().
2. On an isolated rabbit heart. Locke-Rosenheim Apnaratus. Flow
liquid of Locke with 1% glucose. Temperature 38 -390,

ghortened report of September Y, 1923, Rabbit heart (graph 6).
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Experiment Y4

After the heart had worked regularly in the apparatus for
1 hour, 2 ccm of a 1l:1 million phosphite solution, injected into
the tube above the heat coil, led to a considerable increase in
heart contractious, which continued for nearly 2 hours. 2 ccm
1:100,000 million sodium phosphite, injected at the same spot,
damage the heart, When the flow fluid is replaced by a new, phosrhite-
free one, this leads at first to a nearly complete stonpage of the
heart, which can then be avoided by another injection of 1 cem
1:10 million and 1 ccm 1:1 million sodium phosphite.

Bl

s, ko _—
a b

Graph 6. 9/%/1923. Sodium phosphite effect on the rabbit heart.
a: 11M43' without Na_ HPO,, 1 hour after beginning of flowthrough.
b: 12h40' after injeCtion of 4 ccm Na,HPO 1:1 million in two
doses, at 12000' and 12h16°',

These experiments, 15 ef which we report here, prove that ophosvphite
in small doses exercises a function-increasing effect on mammal
hearts as well. The harmful dose is 1:100,000. Here it should be
remembered that by mixing the injection solution with the fluid
fLowing through the heat coil, another considerable and significant
dilution is effected.

3, BExperiments with the surviving cat intestine. Suspension in
25 ccm tyrode solution. :

ghortened report of the Experiment of September 10. 1923.

Experiment 98

After the movements of the intestine have abated somewhat, they
arc strengthened considerably by the addition of only 2 ccm sodium
phosphite in tyrode; at the same time, the tonus is also increased
considerably. This improvement continues for 1 hour. Change to
pure tyrode solution leads to marked sinking of the tonus and abate-
ment of the movements. 1 hour later, the intestine, which has re-
covered only slightly, is again stimulated with simultaneous tonus
increase by the addition of 2 ccm sodium phosphite 1:100 million.
Subsequent increase of the dose to 1:100,000 produces no new effect,

Wwe nerformed tweive intestinal experiments. With only a few
exceptions, they all yielded the same result.
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4., RKxperiments on the surviving bladder. Suspension in 25 ccm
Locke solution. Oxygen administration. Temperature 38 - 390,

Shortened experiment report of September 17, 1923, Guinea nig bladder.

Experiment 104

After the movements of the bladder, which were good at first,
weakened somewhat, they are improved considerably by the addition of
a total of 3 ccm sodium phosphite 1310 million. Change to pure
Locke solution has a worsening effect on the action that is increased
very clearly by the addition of 2 ccm godium phosphite 1:100 million.
The tonus does not change. After the improved action has continued
for some time, 2 ccm gsodium phosphite 1:1 million are added, leading
to anacceleration of the movements. Further additions of 2 ccm of
the same solution, however, begin to act harmfully, and increasing
the dcse by adding 1:100,000 and 1:10,000 sodium phosphite leads
to further worsening of the action and abatement of tonus (graph 7).
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Graph T. 9/17/1923. Phosphite effect on guinea pig bladder. a: QhOO'

in pure tyrode solution, ®: 3h18' after addition of 2 ccm Na HPO- 1:10
mill%on at 2h52', c: 3h27‘ after change to pure Locke solution. ?i Y.
d: 4720' increase after addition of 2 ccm Na HPO, 1:10 million at
3h501, 2773

The total number of experiments on the bladder was eight. Resul~n
identical, though not always equally marked.

5. Experiments on the surviving uterus. Suspension in 25 ccm Locke
solution, Introduction of oxygen. Temperature 38 -390,

gshortened report of September 5, 1923, Rabbit uterus.

Experiment 95
1:1 million sodium phosphite acts strengtheningly on the movements.
1:100,000 is clearly harmful.

The effect of Na HPO3 on the uterus was as clear as was the case
with tonoohosphane, wgere we were able to determine very marked stimu-

lation.
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All the experiments on surviving organs thus show that ohosvhi'e
in very small concentration acts in a stimulating manner; in higher
concentrations, it damages function,

II. Experiments with Hypophosphite

Since, besides phosphoric acid, subphosphoric acid also
forms when P comes into contact with water in the presence of
oxygen, we examined the effect of this latter on surviving orguans,
Notably enough, hypophosphite is nearly completely without effect.
It causes damage to a frog heart only in a concentration of 1:100, The
heart slows down so much thé within 1 minute, upon continuous
filling of the tubules, 2-4 ccm liquid pass throusgh it, while action
ceases at the same time. Immediately after a change of the liquid
to pure Ringer solution, the permeability becomes normal again, and
the heart begins to beat again, and there is no notice of any lasting
damage.

III. P sphorus Solutions

Whrn an alcohol solution of phosvhorus, 1:1000 is diluted with
Ringer or Locke solution, we obtain a clear solutior that contains
phosphoric and subphosphoric ac’d, and can be compared somewhat with
the blood after absorption of P. Since we worked with these solutions
only in their greatest dilutions, the acid character of the sub-
stances does not really enter the picture here. These solutions
were found to be especially effective.

l. Experiments on the frog heart

Shortened report of April 11, 1923. Esculant.

Experiment 36

A solution of 1:1 million causes marked damage to the heart
in a short time: abatement of contractions, then arhythmia, finally
systolic arrest. Change to pure Ringer solution starts the heart
beating again, but does not completely remove the arhythmia. In-
troduction of a P solution in Ringer 1:400 million erases the a-
rhythmia and promotes action; change to pure Ringer solution decreases
it markedly again, and another addition of P 1:100 million raises
it asain, so that it is identical to the initial action.

All the experiments, ten in total, had the same principal result:
promotion in small, inhibition in large doses.

2. Experiments on surviving mammal hearts. Set-up as above, in
Locke solution,
Shortened report of April 16, 1923, Rabhit heart

Experiment 40

I{njections first of 2 ccm P-solution 1:10 million, then of 2 ccm
1:5 million improve the moderate heart action considerably. Injections
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of 1:1000 bring the heart to a standstill immediately. It resumes
activity when solution without P is poured through. The later
abating activity could again be improved significantly by the
injection of 2 ccm of the 1:10 solution.

Total ni'mber of experiments,nine; results identical.
3, Experiments on the surviving intestine

Shortened report of April, 25, 1923, Rabbit intestine in tyrode
solution.

Experiment 52.

The intestine, which was working well from the beginning,
reached optimal activity under the effect or 1:100 million P. Solutions
of 1:1 million and especially of 1:100,000 act in a damaging manner.
Unon change to pure tyrode solution, the activity of the intestine
cease nearly entirely, whereupon addition of 0.2 cem P 1:100,000
to the suspension linuid otimulates them markedly again.

"oval number of experiments, ten.
4, Experiments on the surviving uterus
Shortened report of May 3, 1923. Rabbit uterus (Graph 8).

Experiment 65

After long-lasting regular activity, the movements are strengthened
considerably by the addition of 1 ccm P solution 1:40 million. The
tonus rises slowsly. After change to pure Locke solution, the
tonus sinks markedly at first. Afterwards, it becomes constant;
then 4 administrations of the 1:40 million solution cause a
strerngthening of the movements, but no furtherincrease in tonus.

r? / ﬁ
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Graph 8. May 3, 1923. Effect of P-solution on the uterus of a rabbit.
a: upon ( ) addition of 1 ccm P-solution 1:40. B: 25 minutes later.

The experiments with P-solutions also reveal that small doses
have a function-promoting effect, while the larger doses have a
damaging effect. Since in the solutions only the phosphoric acid
can be active, these experiments confirm the experiments performed

with sodium phosphite.
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If we compare the results obtained with phosphoric acid with

- those that Staub obtained with phosphate, we notice above-.all the
difference in the effective dose. Staub worked with N/100 phosphate
mixture. N/100 primary sodium phosphate corresponds to a concen-
tration of 1:46,000, N/100 secondary phosphate to a concentration

of about 1:1000, Staub obtained very favorable effects on the function
of the frog heart with both phosphates. I myself have also performed
a fewexperiments with phosphate on mammal organs, which turned out
negative, The number of experiments was, however, too small to allow
any conclusions to be drawn. However, here it must especially be
pointed out that our intestine experiments were all performed in
tyrode solution, which already has a phosphate content of 0.05 g to

1 liter, thus 1:20,000, and that herein phosphite was found to be
active in a concentration of 1;10 million. Thus, we cannot assume
any secondary action of phosphate forming from phosphite.

IV. On the Toxicity of the O-compounds of P.

After we had deter~ined that pliosphite has a considerable
erfect on surviving organs, it seemed necessary to us to perform
another test on its effect on the whole animal, in comparison to
the effect of hynophosphite or P itself. Here it was shown that,
in contrast to the results of H. Scnulz and Neumann, phosphite
administered subcutaneously is undoubtedly toxic. A precise examina-
tion according to the method of Marsh showed that the preparation was
completely free of As.

Shortened report.
Two temporaries, A male, 23.2 g weight; B female, 19.95 g weight.

Both received 0.5 ccm sodium phosphate 1:100 in the breast
lymph sack on March 7, 1923, at 11:00, 1 ccm at 3:45, another 1 ccm
at 7:10, no significant effect. On July 4, 1 ccm was injected at
10:45, 0.15 ccm at 11:30. At 12:00, A manifests fibrillary con-
vilsions in the stomach and legs; B manifests cramp-like contractions.
Both animals move with difficulty. A receives another 1 ccm. At 1:15,
both animals manifest fibrillary muscle twitches and extended cramps
with each attempt at movement., On July 5, at 4:35, the spasms
have stopped for both animals. Movements creeping. At 8:45, the
animals are lying on their backs. On July 6 A dies, B has recovered
completely. A received a total of % cemy, B 4 ccm of the 1:100 solution;
thus they received 5 or 4 cg. Autopsy reveals a half-filled heart
stopped in diastole for A, The liver is of rough consistency, gray
in color, and is poor in blood. Kidneys very pale. A serous bloody
liquid in the abdomen. In other cases, the heart was found stopped
in systole, and the liver and kidneys were rather more hyperenmic
in the face of acute intoxication. .

In general, 0.1 ¢ phosphite were enough to kill frogs within a
few hours. Winter animals are somewhat more resistant, but also
perish after 1-2 days. Mice perish within a few hours after 0,15 - 0.2 g
injected subcutaneously. 0.2-0.5 g were enough in the case of
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puinea nigs. However, large animals are often quite resistant.

0.5 / must be administered for several days to cause death, In

one case, [ gave a strong guinea ;ig 2 ccm sodium phosphite 1:10
every 2-3 days for 4 successive weeks, thus 0.2 g each time, withou.
being able to determine any change in its condition. The animal

did not die until the fifth week, after a single dose of 0.2 g.

The result of the histological examination are given below.

In another experiment, a guinea pig received a total of 0.8 g
vhosphite subcutaneously between the 17th and 19th of October, 1923,
On the 20th of October, 0.2 ccm were injected once; shortely after
this, the animal became seriously ill. It became paretic, showed
tears, diarrhea and polyuria, shivered and cried when touched. O(n
the next day it was very ill and perished toward noon.

The histological examination of the organs, for which we thank
the Institute, revealed nothing unusual in the case of either the
frog that died rapidly or the one that perished gradually over a
few days. Above all, t* -—e2 were no phenomena of fat accumulation
in the liver and kidneys. Likewise, in the case of the guinea pig
that died within 4 days as described in the above experiment,
therewas nothing significiant. On the other hand, the histological
examination of the above-mentioned animal treated for 4 weeks with
phosphite revealed the following findings:

Lungs: single bleedings in the alveoli. Kidneys: intense
blood filling of the glomeruli, single blood phenomena in the kidney
cortex. Liver: moderate but undeniable fat accumulation in the
liver cells and considerable hyperemia.

The effect of aqueous P-solutions is found to be exactly
like the effect of vhosphite, only more intense and more ravpid.
Frogs perish within a few hours after injection of 1 mg P in an
alcohol solution. When a solution of 1:10000, produced with water
or Ringer solution from the alcohol original 1°lOOp golution, is used,
the same picture is found. The phenomena are‘3¥£$¥£4§ﬁs that begin
with atactic movements and end with complete immobility. Fibrillary
snasms are rare, but on the other hand, spasms of entire muscle
masses were observed several times. The animals injected with the
corresnonding amounts of alcohol for control purposes always recovered
fully.

Shortened report of an experiment on a white mouse.

6/28/1923. 1Injection of 0.5 ccm P-solution 1:10,000 twice.
At first no clear effect. On June 29, in the morning, the animal
receives 0.25 ccm of an alcohol P-solutionkr%flqgo. Within 45
minutes, heavy phenomena of intoxication: : 4y difficulty in
breathing, then cessation of breathing and death within 1 hour after
injection. Autopsy revealed no histological changes in the orears.

Hyophosphite is found to be considerably less toxic than phosphite
and P-solutions. Frogs can tolerate even repeated injections of 1:10
solutions, for several days. Death can rarely be cause with 1:5 solutior
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Guinea pigs seemed to be fully resistant, even to large doses. For
unknown reasons, only mice are rather sensitive., After only 2 ccm
of a hypophosphite solution 1:10, they always perished, with
phenomena entirely similz to those manifested after phosphite intoxi-
cation.

For vnurposes of comparison, we also poisoned a number of frogs
with sodium phosphate. The picture is characterized above all by
the long-lasting fibrillary spasms in all muscles. Significant for
the repeatedly raised question as to whether phosphite acts only
arter oxidation to phosphate, is the fact found by Starkenstein, that
phosphate intoxication can be annulled or prevented by CaCl,. On
the other hand, we were not able to affect the fatal effect of
phosphite with CaCl,. Only the fibrillary spasms, which in the
case of phosphite arFe far more sparse and possibly also due to Ca
removal, disappear; death occurs nevertheless. Thus, for this reason
too, phosphite must be attributed with a special effect, different
from that of phosphate. The effects that Starkenstein found with
phosphate on isolated cold and warm-blooded hearts, as well as on
the rabbit small intectine, could also be annulled with CaCl,. BReyond
this, h: used N/% solutions of rhosphate, corresponding to a con-
centration of about 1:50, a dose that can hardly be compared with the
small phosphite amounts that we found to be effective.

V. On the Theory of Phosphorus Action

We have shown that phosphite is a very active substance. The
question is then raigsed, as to how suited this finding is to
contributing to the clarification of phosphorus effects. In this
respect, the results of the histological examinations are siesnificant.
AS we were able to show, even in the case of protracted phosnhorus
insoxication, none of those striking degenerative organ alterations
are found, that are 80 characteristic of acute, and ahove all chronic
P-intoxication. On the other hand, it is known that in the case of
intoxications with very high doses of P, and very acute poisoning,
no organ alterations can be determined. We therefore consider it
probable that in these cases, the overwhelming with phosphite 1is
the cause of death, since we determined that high phosphite doses
act in a heavily damaging manner on the heart especially; the
dmage to the heart is also observed as the_cause of death in hyper-
acute cases of P-poisoning. Thus H. Meyer1 was able to cause
heart stoppage with P at a time when no degenerative organ alterations
anpeared.

The case is different for chronic intoxication. Here, as in
the not very acute cases, the chief role is undoubtedly played by
the reducing effect of P in those places whereit is stored. By means
of a long-lasting removal of oxygen,which must occur during the con-
stant and slow oxidation of P in those places, the characteristic
degenerative phenomena, especially fatty degeneraion, are caused; they
are generaly considered to be a consequence of oxygen loss.

1) 1. Meyer, Arch. f. exp. Path. u. Pharm. Bd. 14, S. 313, zitiert auch bei
v. Maschka, Wien. Med. Wochenschr. 1884, Nr. 21, S. 648, der ebenfalls Herz-
Libmung bei sebr schuell und ohne nachweisbare anatomische Verknderungen
verlaufenden P-Vergittungen annimmt.
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As concerns, finally, the therapeutic effect of small doses of
phosphorus, we believe that the phosphite effect plays a significant
role. The function-stimulating effects of minimal phosphite doses,
as we have determined them in our experiments, correspond to the
therapeutic indication of P-medication, and in this resvect it seens
especially important that Wegner obtained favorable effects of tone
growth with hoth phosphite and phosphorus.

These observations must necessarily lead to the conclusion that
in the case of the therapeutic use of P, only smallest doses should
be used, and that they are in fact sufficient to achieve the desired
effect. The use of larger doses, wnich 1s justifiably feared because
of its danger, not only must, but can be avoided, without affecting
the therapeutic action.

Summary

1. The mechanism of action of P in the animal organism is discussed,
as well as theories cor.rerning this.

2. Short survey of thc test results with tonophosphane on surviving
frog and mammal organs. Tonophosphane stimulates the activity of
poorly beating frog and mammal hearts. There is also an increase in
operation in the case of isolated, surviving, intestines, bladders

and uteruses of mammals.

3, The assumption that tonophosphane has a phosphite effect igs con-
firmed by repeating the same series of .exveriments with sodium phos-
phite. Sodium phosphite in strong dilutions can act the same way

as tonophosphane, but there is a difference, in that tonophosphane
does no damage even in a concentration of 1:100, while phosphite

in a concentration of 1:1000 stops the movements of surviving organs.
4., Aqueous solutions of P (produced from an alcohol original solution
of 1:1000) act like phosphite, only even stronger dilutions must

be used, as concentrations of 1:1 million at least, and even 1:100,000
cause heavy damages to the organs.

5. No favorable effect could be observed on any organ with hypo-
phosphite. Damages to a frog heart could be produced only by using

a concentration of 1:100.

6. It is shown that phosphite and phosphate effect are not identical.
7. A testing of the toxicity of phosphite on frogs, white mice and
guinea pi~s reveals that upon subcutaneous injection of 1-3 ccm of a
1:10 solution to frogs and mive, 1-5 ccm to guinea pigs, the animale
die within a few hours. Patal intoxication with hypophosphite could
be observed only in frogs after largest doses, and in mice.

8. On the basis of the facts found, the experiment is considered

an explanation of the action of P in the organism.
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17072. Value of Calcium Hypophosphite and Other Calcium Compounds as
Calcium Supplements in Calcium-Low Diets.

ARTHUR E. MEVER AND JACK GREENBERG.
From The Research Divizion, Fellows Pharmacentical Laboratories, New Yorl Cily.

The value of hypophosphites as therapeutic
agents has never been objeclively demon-
strated and Marriott’s criticism of their use!
has largely been accepted. However, calcium
hypophosphite is well worth while being con-
sidered as a means of convenient calcium ad-
ministration, where such therapy is desired,
because it is high in this element (23%),
does not have the objectionable taste of most
1 Murriot, MeKim, J. Am. Med. Assn, 1916,
70, 486,

calcium salts and, in contrast to gluconate,
is adequately soluble. ‘The hypophosphite ion,
as a stable acid, balances the alkalinity of
the calcium, which effect persists even if there
should occur a transformation into phosphoric
acid. Therefore, the salt does not shift the
acid-base equilibrium to the alkaline side as
is the case with salts of carbonate producing
acids. The original purpose of the present in-
vestigation was a comparison of calcium hy-
pophosphite with dicalcium phosphate and
calcium gluconate as a supplement in a cal-
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cium-poor diet.  According to Marriot's re-
port the hypophosphite anion is lurgely ex-
creted unchanged; for that reason, the hypo-
phosphite I’ was regarded as nun-available in
our first tests. When the early observations
suggested that this might not be the case, a
study of the influence of readily available P
and hypophosphite P at varying Ca /P ratios
was included.

Experimental, Groups of 7 1o 8 Sprague-
Dawley rats were placed on a diet prepared
according to Sobel, Rockenmuacher and Kra-
mer 2 which consists of 70 parts yvellow corn
meal, 16 wheat gluten, 10 brewer’s yeast, and
1 NaCl with the addition of cod liver oil to
supply 0.1 unit vitamin D per gram. Analy-
sis showed a content of 0.03°¢ Ca and 0.33%
P, which is in accor . the figures given
by these Al amnanals were kept
for 14 Jays on this diet as a depletion period,
and the contral group for an additional 25
days. Additions of cilcium hypophosphite,
gluconate and secondary phosphate were used
in the first comparative tests (A to B in
table). Nucleic acid was used in some groups
to equalize the content in available phosphoruas
without adding a phosphate. The additions in
groups 1" 1o O served to vary the Ca P ratios
as widely as the P content in the hasic diet
would permit, with proper distinction of P,
known to be utilized, and hypophosphite P.

The rats at the beginning of the depletion
period were of an age specified for vitamin
D assay in the U.S.P. Tt tuned out that
the range of permissible variations in weight
and age, as set for that test, was too wide
than was best suited for these experiments.
The rats of the last group were apparently a
few days older (Nos. Ay 1o ), and conse-
quently had larger calcium reserves. For that
reason, cach group can be compared only
with its own control group. The animals were
weighed at the beginning and end of the
25 days’ test period, then killed and the
femora <issected. The lLones, dried at 80°,
were freed of all adhering tissue, weighed,
incinerated and the ash determined,

Results. Tt is evident that the assimilation

alicaul’s,

2 Sobel, A, E., Rockemmacher, M., and Kramer;
B., J. Liol. Chem., 1945, 158, 475.

of calcium is about the same whether supplivd
as hypophosphite. gluconate, phosphate or
carbonate.  While 130 mg Ca per 100 ¢ lict
is inadequate for maximal calcification of the
Lones, 530 mg gave results equrl to 730 and
1030 my as shown in Groups I to O, The tinal
body weight at the end of the test period was
within the same range in all groups disre-
garding the calcium intake, with exception
of group A, While it is possible that the
smaller animals were more sensitive to Ca
deficiency. it must be pointed out that group
B. with equally low Ca feeding. showed only
a slight depression in weight. The weight wd
ash content of the femora reflect more definie-
ly any calcium deficiency than the body
weight.

The experiments on Ca/P ratio were limited
by the 330 mg P content in the baxic dict,
which was found to be high cnough to prevent
any acute ' denciency. As a consequernce
the results appear to be exclusively a function
of the Ca supplyv. A ratio of Ca I of 1:2.54
(Group F) was positively not detrimental to
bone formation, and neither was ane of 1:4.0
(Group H) assuming that hypophosphite V'
is utilized. This, however, we were unable
to prove because of the impossibility to pro-
duce a D deficiency with this diet and of the
latitude in tolerated Ca/P ratios.

Shohl® has claimed that a low Ca high I’
ratio lowers the ash content in the Lones of
the rats. He used. indeed, a rado of 1:16,
but only by sacrificing the absolute Ca content
in the diet. When 0.129{ Ca was given with
2¢% P the ash was 36%, but with 0.12¢
Ca and 0.5¢ P the ash was the same.  Thiz
is in keeping with our conclusion that the
quantity of Ca and not the Ca/P ratio is the
limiting factor. Since, according to Shohl's
statement, excessive quantities of phosphorus
are toxic, it ix difficult to prove a detrimental
effect of a low Ca/P ratio at an adequate
Ca intake.

Some of the ulnae and radii of the A; to
F. groups were examined by the Ag line fest as
used in vitamin D assay, but no differences
were detected.

1t seems that bone formation is not the most

"3 8hobl, Alfred, J. Nur., 1036, 11, 275,



TABLE I.

Wi, at -
Addition to MuCn Mg P yper Ratio, beginning end Femora wt.,  Ratio femora mg %% ash in
basie diet per Mng Joer g Ca/P of test poring ng towt. g femora
Ay an 330 1:11 [IERE B 301.5 3.13 31.24
> jus CRREY *225 +0.51 +1.71
B Nucleie acid on 350 1:13.6 725 110 2205 : 2.41 3145
7 =101 *14. +16.4 .30 +{) 68
C CallPO, 30 330 1:3.13 [ 1228 wa2g 287 41.73
2H.,0 100 w +20 4R =146 +0,13 +1.74
D CalllLPO.), 530 330 1:3.13 G4 134 395.6 2,43 4076
Nueleie aeid 100 s +3.0 + 4 +1K.8 *0.15 *1.08
(153) (1:43)
¥ Can gluconate 30 330 1:3.13 i1.1 15 378.7 a2 41.86
Nucleie acid 100 i +3.K i +23.0 +0.18 *1.33
Ay 30 330 1:11 83.9 131.7 268.4 204 a0
+7.8 7.9 +16.5 *0.08 040
FoCa(HaPO,). 50 330 1:2.54 §3.2 133.1 3415 254 3000
100 (153) (1:3.73) +9.0 +13.8 275 +0.17 +1.27
G Ca glueonate 50 330 1:2.54 hER ] 1359 % 2.42 39.ed
Ty *10.8 +98 2.9 *0.19 +1.01
o Ca(M.1°0y), 30 330 1:254 K3.5 131.4 6 .48 40,49
Na(H.10,) 100 (135) (1:4.9) +3.1 9.2 2 +0.12 +1.29
1.0 (153)
Aa a0 339 1:11 95.2 129.3 231.2 2.56 36.9
+7.7 *10.7 +3X9.7 =+0.23 =12
I Ca(HaPO0.), 30 330 1:0.32 4.0 1212 472.6 - 3.93 2.5
1064 (1550) (1:1.8) 5.4 *107 +43.1 *0.12 =1.2
K Ca gluconate 30 Nt 1:032 uy2 1288 44360 3.65 31.6
1000 g +39.4 0,29 *2.0
L XNucleie arid 30 350 1:0.61 ag.7 476.6 3.82 33.0
Cu {I.P0.), 1000 300 +nd +24.6 +0.24 +0.3
(1550) (1:2.0)
M Nuelele neid 30 330 1:0.9 96.6 125.3 458.9 3.66 524
CadHaPOL), o 300 +28 *11.3 +353.7 +0.18 +1.1
(1083) (1:2.4)
N Ca HLTOLY, a0 330 1:0.62 Jorg . 14005 5042 3.60 532
0T Son (773) (1:2.00) +7.6 +138 +44.9 +0.24 +1.8
(8] a0 30 330 1:0.32 .S 132.8 4621 3.48 EER
Iney +b.4 +%2 *a1.2 +0.1y +22

In the columms of Cuoand P ovalues, the first fgure repioseits the quantities contained in the basie diet, the following figures are added Cu und P.
The parentheses signify Drpoplosphite PUoorin the Ca P vatio, the inelusion of Eypophosphite P in the totad I' value, The seeond figures in the data of
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sensitive indicator of a deficiency or unbalance
of Ca and P. Most of the control rats de-
veloped a considerable degrec of baldness.
This was still more .. . atuated in Group B,
which points to a further damaize caused by
the change in the Ca/P ratio from 1:11 to
1:13.6. 1t also appeared muukedly in Group
K. receiving calcium gluconate without ad-
ditional ', but was absent in J. where the
gluconate was balanced with I'. None of the
other groups showed loss of hair. By com-
paring the Ca, /P ratio in Group K (1:0.32)
with those of the other groups showing bald-
ness (Ca P, 1:11;1:13.6) it may be con-
cluded that the disproportion in Ca P ratio
to either extreme has a similar effect. The
non-appearance of baldness in Group I may
point to some assimilation of hypophosphite
P, since otherwise this group would have the

same Ca ‘P ratio as K. More data will be
required to make a positive statement on this
point.

Swmmmary. Calcium hypophosphite is well
suited to serve as a supplement for dietary
calcium. To what extent the hypophosphite
phosphorus is utilized by the organism re-
mains uncertain. The ratio Ca I' in the diet
may be varied within a wide runge without
affecting the calcification of the Dbones, pro-
vided the absolute quantities of each constitu-
ent are adequate. Extreme disproportion of
Ca and P in either direction seems (o cituse
loss of hair. as was observed in rats receiv-
ing either very low or very high relatine
levels of calcium.

Reccived Mareh 200 10440 PSS B 1y, 71,
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TOXICOLOGY. COMPARATIVE GENERAL TOXICITY OF THE MINERAL ANIONS 1IN
THE MOUSE.

by
Claude Nofre, Henri Dufour and Andre Cier
transmitted by

Henri Hermann

P The acute toxicities of 32 mineral anions were determined, after
If injection in the mouse °, the LD50 on the 30th day. There exists
for the elements of gruups 5., 6b and 7b of the periodic classifica-
tion a relation of the values of the toxicity depending upon the de-
gree of observation.

It was recently shown (1), following a study on the acute gener-
al toxicity of 42 cations, in the mouse, that there exists depending
on the atomic number a periodicity of the values of toxicity similar
to that of the Mendeleeff classification. The toxicity of the anions
has until now been the subject of only studies of limited scope, in
general carried out on lower beings (2,3), without any well defined
relation being established. This is what encouraged us to undertake
this work with the goal of determining if, in the mouse, the toxicity
of the anions could obey a relation comparable or not to that previ-
ously found with cations.

We found on the mouse (Swiss, albinos, male, from 20 to 25g),
this study required the-%fﬁ of about 3,000 animgls. The toxicity
criterion chosen was the 50 in the 30th day 0/30) established
by the graphic statistical method (4) on logarithm-probit paper (5)
expressed with the typical variations (6) in milliatgms-grams of
element per body kilogram.

The salts used are all of commercial origin (pure reagents); it
is a question of sodium salt whose aqueous solutions were prepared
extemporaneously in concentrations calculated so as to inject IP in
all cases an identical value (0.40 ml per mouse of 20 gqg).

Two particular cases must be mentioned: sodium selenide, a
very autoxydizable body, was dissolved in distilled water previously
deoxydized by vacuum and by a nitrogen steam, and the solutions were



preserved in sealed flasks under inert atmosphere (nitrogen); because
of the weak solubility of sodium perborate, a double volume of solu-
tion, 0.80 ml per mouse of 20 g was injected.

The results obtainedféz§50/30 expressed in milligrams of salt
per kilogram of mouse, are included in Table 1.

It nonetheless seemed to us interesting to evaluate the P50 in
milliatoms-grams (mat-g) of the basic element taking into account
its degree of oxidation and to establish the relative toxicities in
relation to that of the chloride ion taken as a unit. These values
are shown by following the order of the increasing toxicities in
Table 2.

We were not able to find with the anions, as for mutations, a
periodicity of the toxicity in relation to the atomic number. How-
ever, the graphic interpretation of the results (Figure 1 : semi-
logarithmic scale)makes it possible to observe that there exists
with the elements of groups 5b, 6b and 7b of the periodic classifi-
cation a relation in the i-~-ease of intoxicity in relation to the
degree of oxidation.

The toxicity of elements in group 7b, that is the halogenes,
is an increasing function of the degree of observation; by contrast,
the toxicity of the elements of the oxygen and nitrogen family is a
decreasing function, with the exception of the phosphorous compounds
whose toxic affect follows a evolution to that of the halo-

gene derivatives.



o b bL,,/30 UL /30
St R (mg de sel/kg (g de sel/kg
- du sourls). Sel utilise. . ~ de souris).
CNaF.oio i “ 4g.00 NasSeOq, 10,0, ....... - 1845
NaClo.....oveiininnnn, 2003,33 Na; TeO,, 5H,0........ =48
> NaClOy....iii o iioee. Dby - NayTeOy, ali,O........ T =389
" NaClQq...... dieiee.. 550,80 NaNOg.ovoovvniiiinnn, . 158,70
. NaBr,aH,O.,...cn.t. - 5488,13 NaNO, .o vve i 3975,00
© NaBrOj.. ¢ vevieennnn. 140,35 NaH,PO . e0cviininanns 1585,00 -
Nal..... . etananaanns 869, 42 Ne,HPO,, 5H,0...... 2052,00
NalOQ,, 5H,0........... 86,37 Na,HPO,, 13H,0......." 429,80
NalOsoeevvninenaanane 57,75 Ne,AsOyoovvvnnnnnnl. 1,17
NaOH.......coovnaatt, . 4o,00 Na;AsO,, 72H,0........ 9,33
Na,S,gH,0............ 52,8f NaCN....oovvieninnnnn 4,90
N»,S0,, 9H,O.......... 297,20 No,COsvveevnvnnnnnnn. 116,60
NaySOueennnnens e 427,00 Ne,B,0,, 7H,0... .... 450,08
NaliSO,, 1LO... ....... 190,32 NaBO,, 4H,0.......... 538,37
NoySeOgeviiininnaneans 226,22 Ng,CrOjeevvivvvnennn, 32,%0

NagSe...ooeciiiiennnes 3,99 NagMoO,, 2H,0........ 133,07
NaySeQ,, 5O . ..., O, 21 . :

B
Table 1. Key: a) Salt used, b) 0/30 (mg of
salt/kg of mouse).
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.rO""
< ON-
v Seld7-

- "’Se(";", A

Se_._
Asty;~~
Tel);

Ast)]

To-t

-b A

e

e, (mg'*'o 0002 i

L mm
.ﬁ 500“"0,
39,aooio,50

- 35,000 20,80 ;
a3 500_0,50
18,0000 804_

9,5001:1 28

o,0dv ﬁ:o
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Table 2. _Key: a) basic element, b) de-
gree of oggggvation, ¢) anion form, d)
LD50/30 (mat-g of basic element) and e)

relative toxicity.
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(-) Séance du 24 juln 1963. Blbllograpl:;xﬁ

(1) A P. Mnm:ws, Amer. J. Phy:lol 10, 1903, p. ago.
(") J. R. E. Jongs, J. Ezp. Biol., 18, 19&:, P. 170.
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YUMICOLOGIE, — Tozicité générale comparée des anions minéraur chez
la Souris. Note{i=de M- CLavvr Nornr, Hrswr Dovour et Anpré: Cien,
transmise—par -M: Henri Hermann. 2ees
T werwolled 4

Les toxicités aigués de 32 anions minéraux ont été détermindes, aprés injection
intrapéritonéale 4 la Souris, par Ia DL. au 30¢ jour. Il existe pour les eléments
des groupes Vb, VI b et VII b de la classification périodique une correspondance
des valeurs de la toxicité en fonction du degré d’oxydation.

Il a été montré récemment ('), a la suite d’une étude sur la toxicite
générale aigué de 42 cations, chez la Souris, qu'il existe en fonction du
numéro atonuque une périodicité des valeurs de toxicité analogue i
celle’ de la classification de Mendéléev. La toxicité des anions n’a fait
Pobjet jusqu’i-i srue d'études de portée limitée, effectuées en général sur
des &tres =77 urs U (7 sans qu'il ait pu Stre établi de relation bien
définie. C'est ¢e qui nous a incités & entreprendre ce travail dans le but
de rechercher si, chez lu Souris, la toxicité des anions pouvait obéir a
une relation comparable ou non A celle précédemment trouvée avee les
cations.

Réalisée ~ur la Souris (Swiss, albinos, mile, de 20 0 25 @1, cette étude
a nécessité Pemploi de 3 ooo animaux environ. Le eritére de toxicits
choisi a été la DL;, au 308 jour (DL;u/30) établic par la méthode statistique
graphique (') sur papier logarithme-probit (*) exprimée avec les écarts
types (*) en milliatomes-grammes d’élément par kilogramme corporel

Tamikav |.

.6 bl 30 DL g0

A g d: sel/ky g d': sel/ky

Scl utilisé. (e souris). Sel utilige. de souris,
NaF ... ................. 49.00 N, Se O, oHLOL L R0
Nall., ...l 21003, 10 Na,Te) SO 0. =48
NaClO. ..o Dyl i Na, TeO,. o0 .. ... 3.8
NaClOg.oo oo Hh0,8u NaNOy.oooo s 1%, =0
NaBr.2llO............ DARE 3 NaNO, oo 44705, 00
NaBeO .. o ..o, 140,35 Nall, PO, .o oL 138700
Nal..... oo i, LTI Na, HPO,, 5H, 0. . .. 2099, 00
NalO Ao, o0 . R6,37 Na, HPO,, aallor.. ... 120 80
NalOQ,.................. Smmd Na, AsOy oL, N
NaOH.................. 10,00 Na, AsQ),, 7”-_.() ........ 9,03
Na,s, gH, O Lo oL D, 8% NaGNL Lo 190
Na,S¢y, -H, 0. ..o 27700 Na, GO, 116, 6o
NaySOu e 334= 00 Nu, B, 04, o 1 PLG I T
NaHSO, WO oo ... 193,32 NaBO A0 I3N 8=
N, N, 0 o gty aa Na, Gr)y oo L Voo
NaSe.. ..ot 3,00 Na, Mo« by o T
Na,SeO, HILO oL, Tl

50.
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ACADEMIE DES SCIENGIES.

[.os <els utilisés sont tous dorigine commerciale {réactifs purs
de ~els de sodium dont les solutions aqueuases ont é1é préparces extem-
seanément o des concentrations caleulées de fagon o injecter dans tou-
lex cas, par voie inbrapéritonéale, un volume identique (0,30 ml par

sourts de 2o pi.

Tarpeau 1

a Clcment de base.

——
Derd

Aovydation,

(o

B

\

S‘l'

-

A~

c I'orme Dlgy/30
anonique, (mat-g d’¢lément de basc).
(] 1o o 7a
Br 39,000 220,00
AN, 35,000 0,80
SO, 23,500t 0,50
1, PO, 18,000 320,80
HPO, - 9,500 £ 1,28
| 5. 800 42 o 06
RI 5.600 % 0,60
B, O. Ao o, 26
clo, 4,500 2048
BOY, 3. 300t 0,34
AN 2,300 018
Satl 1.guo o 10
HsOy, 1,00 0,0)
HpPo, 1.ao0 o, 1o
SO 1,100 0,11
O, 1,100 .120.0)
¥ FL000 001D
Ol 1,000t 0,00
Broy, 0.qdo. 0,06
Moy, o hhe to,0)
1 0. 300 * o0}
ey, 0270 Lo,om
Te(y 0,270 0. 0l
bl o200 0,00
Cr)y, 0.200 0,0}
(P O o0 T o, 00
Se)) o.0bo o o
Sel) no0dd oo
Se O, 031 T 0,003
AsOy, o000 0,000
Tet) o007 1 o 00
SO, 004 T 000

Toxicité
relative.
1
1,12
1,27
1,8y
2,49
4,08
7,(3?
799
9, 4
9,89
LI
14,36
23,42
31,80

3=.10
;

b‘n,(_,l
l.is,.'gn
167 .88
1) 88
202 . 30
2272 ho
A0 20
890, j0

1 ‘),7 L,00
13g1,25
I~'|8ﬁ.(m
1 855,00
1916,66

\

I

il .s“ugil

Deux cas particuliers doivent étre signalés : le séléniure de sodium,
corps trés autoxvdable, a été dissous dans de I'eau distillée préalablement
désoxygénée par le vide et par un courant d’azote, et les solutions ont
é¢ conservées en ampoules seellées sous  atmosphére merte (azote),
par suite de la faible solubilité du perborate de sodium, il a été injecté
un volume double de solution, soit 0,80 m! par somris de 20 g.
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Les résultdts obtenus, DL,o/30 exprimés en milligrammes de sel par
kilogramme de sofiris, sont réunis _dans le tableau I.

il nous a paru toutefois intéressant d’évalucr les DLio en milliatomes-
grammes (mat-g) de 'élément de base compte tenu de son degré d’oxydation
et d’établir les toxicités relatives par rapport a celle de Pion chlorure prise
comme unité. Ces valeurs sont portées e¢n suivant Pordre des toxicités
croissantes dans’le tableau IF.’

[6]850 3
0
100} /
S
ot
00,11 Kﬂ De ré!?i%ox dation
1 1 .Y A A / Sl 1 9 { Jy

2 4 0 ol 42 3 W4 45 46 47

Nous n’avons pas pu retrouver avee les anions, conune pour les cations,
une périodicité de la toxicité en fonction du numéro atomique. Cependant,
Iinterprétation graphique des résultats (fig. 1 : ¢chelle semi-logarithmque)
permet u'observer qu'il existe avec les ¢léments des groupes Vo, VIb
et VIIb de la classification périodique une correspondance dans Facerols-
sement de la toxicité en fonction du degré d’oxyvdation.

La toxicité des éléments du groupe VIIb, ’est-d-dire des halogenes,
est une fonction croissante du degré d’oxydation; par contre, la toxicité
des eléments de la famille de Poxygeéne et de Pazote est une fonction
décroissante, exception faite des composés du phosphore dont Felfet
toxique suit une évolution paralléle a celle des dérives halogends,
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A7 wnnt o1 e Tenrn whethor the s5a1ts can be discovered n
Lo e fﬁﬁ>r (e cimal. Mo Lhos end ooconducted seversl studies vilh

gy Do dsh T aninals inzested the ealeiny sutt of hypop':osphoreo::

A male dor weighing 10,1 ki recelved at 11 £ on 17 April ore
e 5 eiletum lopophosphite by moutli, The urine excre*ted in the course
“~1lc.ing £ hours (atout 100 cem) was collected, placed in o
- en erepating tonk in vhich diluted sulfuric seid acted cn zincy

G fhe eseeninT oas wad passed throush A solution of silver nitrate,

[

T dmrk breoea cesicre ormea ..o the solution was washed by decrniing

w1 o d4rp and tested in a very small hydrogen generating tark which

v oo sdapted thet the esconing oaf was passed rapidly over a niece

oy

v en stone ’mpregnatedlwith lye; *he gas was then rolcased by
wa: 0 o norcelain tect tube, where it was ignited. It vurned with
raon flame, indicsting the rresence of a hydrogen phosphorous
4. i this case hypophesphornis acide A1l rearents used in

Vet we ey of conTse, tested for their purlty beforehand,

~ o+ urine (slout 100 cem) collected up to the next mormin:
s 10 ri1) wrs subjected *to the same procedure. Tt also ylelded
W, recpecclored (1ome,  Urine collected subsequent to this tlime,

sl o the mornaro of 19 Aprll did not sher a simidar reschion,

How 10 urine cclleched during tin two days thet followed,

s the excretion of hypophosphites in the urine wos ended

Aftor 70 heurse 'n order to learn how long it took the st *r moke



atare im o the urine, the same animzl was apain fed cne rram
+ .t tow bevorhesphite and, in intervals of one-half hovr duratien
fott e et g urine was collected by means cf + vrinoter,

Lo e fiost a1 hour, the urine nlready shoved fne Listinctive

root o Lo e preserce of hypophiosphorons acid,

cverd dlave Tater (en 0F April) the studies rerc repe: fod
t b same animal,  First, we tested in order to make surc that
{ v urive wes free Trom hypophosphite, Then the procedures were
romectad, onl, s ¥his e eatheterizotion samples were token in
me-roorter onr nbervals following ingestion, Urine extracted
“tov pmewecuirter hour flso showed the distinctive rreenf? me, though
oo "lame wes nol as strongs in eclier os in the precedirc frst, T

{5 tostine, pn Syrephosrhorous acld cold be demonsir-ted cn the

navt e Pelioeine the incestion of the salt,

Or 30 Zrril, the dog agair cecelved one gram ot cal~ium

Comensospbite and was estroyed 6 hours later by bleeding from the

ar it artery,  The Plood, along with the most important or;.ns,

the rntive pastre-intestinal troct, the liver, !ob kidneys,

w¢ te btroin were tested Tor hypophesphorous acide To this end,

e coreeng vern shredlded (in the case of the stomach nnd ihe intes-
P tme the esntents were mechanically removed)y they were then irr'-
cobed it vater and n1lowed to stand overnight at room Lo rotare,
Crn the follewing day they were filtered =nd the filtrates ore cul -
‘getol he the same terts that we lescr hed above for the tog! 'nes o
bhe iripe T;optiospherous acid could not be demons'ritod In the
{7en, op in an a” the organs except the stomach rmd intoef e,
Torne producad dne Jdistinetive preen-crlerarion of the hrdroren 1éfm¢-

2
-



To check the validity of these findings, I repeated the
cte Uith oz second don, To a male dog weighing Toh ke, T sonir admine
istered one egram of calcium hypophosphite orally, As before, the
presence ¢ hypophosphorous acid could again be deteocted ir the urine
after one-quarter hour, This time, the dog was destroyed three |
liowrs alter feeding by bleeding from the crrotid, Conjointly,

nrine wad tellezted Trom the bladder and tested for hyporhosnhinrous

acldsy 1t oroduced a very sharp yreen-~coloration in the hydrocen faame,

From the dead animal, blood, liver, both kidneys, brain, and
gastrointestinal tract were r-me.ed and tested. As with the first
animal, the contents of the pastrointestinal tract were comnletely
removed by meung of a strong water-irrigation, Further, the shredded
organs were warmed with water in the water bath, This time,the tests
yielded no decisive indication of the presence of hypophosphorovs écid.
When the kidneys and blood were tested, we observed a weak green-colora-
tion of the hydrosen flame, but the evidence was not clsar enough to

allow for n certein conclusion,

T order to obtauin some information about the exerecticn of
this salt in man, T myself ingested one gram of calcium hypophosphite.
Br the way, I suffered no ill effects. After one quarter hcury no
hypéphosphorous acid was yet present in the urine, but it was distine-
11y present after one-half hour, Urine collected on the following day
still contained hypophosphite; only on the second day following was

the urine free of the salt., With man, therefore, the excretion



sreare Le Tast somewhat longer,

Keom the tests described we learn, therefore, that with dogs,

ot Tmenhiosphite 1s quickly and quite completely absorhe:s
14 e wgeg Lhe orennismowithout meeting any apprecisble restraint
st ers in the Undy and Is very ropidly excreted, In any case, the
avierei ~n o bt te be ended within 2h hourss The faet that no hypo-
viesiuite wes found n the eronms T owonld not interpret as absolute
cvidenes thot rone of the salt had been there, Rather T would obsere
ihat the ‘usart-Dlendle! test is not sensitive enough to demonstratc

2l

the em. 1Y) tracos of fomenbe rcas acic that micht be contained in
the emeang,  Sinee the hydrosen flome test is capable of revealing
Le smullest tracs o hydrosen=phospheorous compounds we used it in
Cie proeeduras by spplying it to the silver-phosphorouns resdue,
The {oh thet hypophosnherous acid was found in the first tests of

the ctomach nnd the ntestine may be explained by the pessilility

1het o vestipes of the intestinal conlont were present at the testinc,

Frem onr ~tudies, the fellowing findings permit sprlicati. ns

or Yarensice practice,

Tt plhog:horous poisoning is suspected and it can be prevecd
that the presilly poisoned person ingested no hyporhosphites fov
several lote hefere his death, then we do not need ‘o toke the nrocencs

of h:mophosphorous acid into consideration,

Hewevor, if this fact cannot with certainty be establistcd,



then *he urine and the contents of the gastrointestinal tract shoulc
be tested for phosplerous acid, If a hypophosphite has been ingestod,
tie tindines of the test will not be impaired for the follovinge
roasong which avmear conclusive, Hypopi.osphorous acid covdd not

e demonstrzied in the orpans of animals as small -5 cur twe test

dogs follouing the ingestion of such a comparatively large amourt

<5 one rram, There is fhercfore a much smaller possit™ i1t 'hat

it vi1l be detectsble in such a compuratively largor orranism ns

nan following the incestion of medicinal doses of the salt which

. ) _
are much smalior thoh e amount ingested by the dops,
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U'eber das Verhalten von unterphosphorigsaurem Caleiuu——--
imm thierischen Kirpev. O e o

(CITLN =

VYon
Dr. Theodor Panzer, Assistent.

Mittheilung aus dem Universitiitslaboratorium fir medicinische Chemie
in Wien.

Wenn es sich um den chemischen Nachweis einer Phosphorvergiftone
liandelt, und elementarer DPhosphor in den Untersuchungsgesenstiinden nicht
aufgetunden wird, so ptlegt man, wie bekannt, nach phosphoriger Siure zu
suchen.  Hierzu bedient man sich in der Regel des Dusart-Blondlot'schen
Verfahrens. Nun hat Dusart!) schon nachgewiesen, dass die unterphosphorige
sdure bei Anwendung seiner Mcethode dieselben Frscheinungen zeigt, wie die
phosphiorige Siiure.  Die unterphosphorigsanren Salze werden aber zu therapen-
tischen Zwecken vovendet und deshudb ist, wenn in einem gegebenen Falle ddic
Dusart-Blondlot'sche Methode ein positives Ergebniss liefert, nicht oline Weiteres
der Riickschluss auf die Anwesenheit von phosphoriger Saure, bezw. aut ecine
Phosphorvergiftung gestattet, sondern es muss immer noch die Moglichket in
Betracht gezogen werden, dass dem betreffenden Individuum Hypophosphite cin-
verleibt wurden. Es schien daher wiinschenswerth, einige Aufschlisse daviher
7u erlangen, wie sich unterphosphorigsaure Salze im thicrischen Organismus
verhalten, ‘

Schon Blondlot?) und spiiter Paquelin und Joly ¥ fanden, duss, wenn
Thieren ein Hypophosphit einverleibt wird, dieses im Harne wieder erscheint.
Mir kam es hauptsichlich darauf an, die Frage zu beantworten, ob und wie
lange dicse Salze, wenn sie dem Thierkarper einverleibt werden, darin verbleiben.
namentlich aber, ob sie daun in den Organen nachzuweisen sind.  Zu diesem
Zwecke wurden ecinige Versuche an Hunden ausgefithrt . wobet das Caleinmsalz
der unterphosphorigen Siure in Anwendung kam.

Ein 10,1 kg schwerer, miinnlicher Hund erhielt am 17, April wm 11 Ulr
vormittags 1 g Calciumbypophosphit per os. Der im Verlaufe der tfolgenden
6 Stunden entleerte Harn (ctwa 100 cem) wurde gesamunelt, in einen Wasser-
stoffentwickelungsapparat gebracht, in welchem verdiinnte Rehwetelsiiure auf Zink
wirkte, und das entweichende Gas durch Silbernitratlisung geleitet.  Der in
dieser Lisung entstandene schwarzbraune Niederschlug wurde durch Dekantation
mit Wasser gewaschen und in einem zweiten, ganz kleinen Wasserstofi-
entwickelungsapparat gepriift, der so ecingerichtet war, dass das entweichende  °
Gas dber mit Kalilauge getrinkte Bimssteinstiickehen strich und dann wus einem
Porzellanrohrchen entwich, woselbst es angeziindet warde.  Es branunte mit stark
Y Compt. rend. 43, 1126,

?) Compt. rend. 62, 1197,
3) Compt. rend. 86, 1505,
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Von den Leichentheilen wurden wieder DBlut. Leber, beide Nicren. (iehien
und Magendarmkanal verarbeitet, doch wurde letzterer 2ur vollstindigen Ini-
fernung seines Inhaltes durch einen kriiftizen Wasserstrahl ausgespiilt.  Fernev
wurden die zerkleinerten Ovgune it Wasser aul dem Wasserbade crwiirme.

Diesmal konnte in keinem der Untersuchungsstiicke unterphosphiorige Siure
nachgewiesen werden. Bei der Untersuchung der Nieren und des Blutes warde
eine ganz schwache Griinfirbung der Wasserstoff-I'lamme beobachitet, aber die
Erscheinung war doch nicht deutlich genng, nm einen sicheren -Schlugs zuzu-
lassen.

Um auch einige Aufschlisse iiber die Ausscheidungsverhiiltnisse dieses
Salzes beim Menschen zu erhalten, nahm ich sellbst 1 g Calciumhypophospli,
das ich, nebenbei bemerkt. ohne Deschwerden vertrug.  Nach einer Viertelstunele
fand sich noch keine unterphosphorige Siure imm Harne, wohl aber nach einer
halben Strnde. 7 Farn qes folgenden Tages enthielt noch Hypophosphit, erst
any zwertfn o var dov Harn fret davon. Die Ausscheidung scheint
also benn sfenschen etwas langsamer vor sich zu gehen.

Aus den beschrichenen Versuchen ergiebt sich also, dass einem Hunde
einverleibtes unterphosplhorigsaures Calcium rasch und recht vollstindig resorbirt
wird, den Organicipus durelovandert, ohne irgendwo zuriickgehalten zu veerden,
und sehr rasch wieder auspeschieden wird.  Die Ausscherdung diirfte jedenlalls
innerhalb 24 Stunden heendet scin.  Die Thatsache, dass in den Orgunen kein
Hypophosphit gefunden wurde, miehte ich nicht so denten, als ob wirklich
kemes darinvorhanden gewesen wiire, sondern ich michte meinen, dass das Dusart-
Blondlot'sche Verfahren zn wenig emptindlich ist, wm die gevingen, in den
Organen enthaltenen Spuren von unterphosphoriger Sinre nachaiwersen. [he
Wasserstoff-Flamme  zeigt allerdings die kleinsten Spuren von beigemenstem
Phospliorwasserstoff’ an. es muss also die geringe Emptindlichkeit des Verlahrens
in der Gewinnung des Phosphorsilberniederschlages zu suchen sein.  Diss bein
ersten Versuche im Magen und Darme unterphosphorige Siiure gefunden nrde,
scheint darauf zuriickzufithren zu sein, dass Reste von Darminhalt mitverarbeitet
wurden.

Fiic die forcisischie Praxis lassen sich nun aus diesen Versuchen folgeidde
Regeln ableiten :

Kommt ecine DPhosphorvergiftung in Frage, und liisst es sich nachweisen
dass die angeblich vergiftete Person auch nur einige Tage vor ihrem Tode kein
Hypophosphit genommen hat, so braucht auf die unterphosphorige Siiure iiber-
haupt keine Riicksicht genommen zu werden.

Lisst sich dies aber nicht mit Sicherheit feststellen. so sind von der
Untersuchung aut phosphorige Siure der Iihale des Magendarmkanales und der
Harn auszuschliessen, dann wird, wenn wirklich ein Hypophosphit genommen
wurde, dies das Ergebniss der Untersuchung nicht heeintriichtigen; denn es diirfte
wohl der Schluss gerechtfertigt sein, dass, wenn die in den Orgunen eines so
kleinen Thieres, wie die beiden Versuchshunde, nach Einverleibung der ver-
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Yon den Leichenthetlen wurden wieder DBlat. Leber, beide N3

woe Mugencarmkanal verarbeitet, doch wurde letsterer sur voilstiandigen 1o
forinng senes Inhaltes durelr eiven kriftizen Wasserstrahl ansgespiitt,. Feme
wurdon die zerkleinerten Organe mit Wasser aut dem Wasserbade eewirm:,
Dissmal konnte in ketnem der Untersuchangsstueke unterphosphorize =i«
Soewresen werden.  Bet der Untersuchung der Nieren and des Blutes wurde

T
eine ganz schwache Grinfarbung der Wasserstoff-Ilaunme beobachtet, aber we
Frscheinung war doch wmicht deutlich genuz, um einen sicheren -Sehhics zusu-
iasscn.

Um auch einige Aufschlitsse iiber die Ausscheidungsverhiiltnisse diecses
Saizes peim Menschen zu erhalten, nalm ich selbst 1 g Calciumbypopiiosplir,
das 1ch, nebenber bemerkt. ohne Deschwerden vertruz.  Nach einer Viectelstade
fand sich noch keine wnterphosphorige Siimre i Harne, wohl aber nach ciner
haiben Stunde. 7 v Harn des foleenden Tages enthielt nech Hypophosphit, erst
ati aweltfols 1 L 4. war v Huon fret davon.  Die Ausscheidung schieint
also berm Menschien etwas langsamer vor sieh zn gehen.

Aus den beschriebenen Versuchen ergiebt sich also, dass enem Hunde
ein: erleibtes untevphosplioricsaures Caleium rasch und recht vollstandig resoriat
wird., den Organismus durchwandert . ohne irgendwo zaviiekechalten zu werden,
und seir rasch wieder ansgeschieden wird. Die Ausscherdung diirlte jedendadis
innerbatb 24 Stunden beendet sem. Die Thatsache, dass in den Ovganen kela
Hypophosphit gefunden wirde, michte ich nmieht so deaten. s ob wirkieh
hemes darinvorhanden gewesen witre, sondern ich michite mernen, dass das Dgsart-
Blondlot'sche Verfahven 2 wenig emptindhch ist. um die gerineen, in Jdoy
Orgscren enthaltenen Spuren von unterphosphoriger Simve nachzmwose,,
Waseerstoff: Flawme  zeigt allevdings die Kleinsten Spuren von heiwersonon
Phosphorwasserstotl” an, es muss also die geringe Emptindiichkeit des Veriiire -
in der Gewinnung des Phosphorsilberniederselilages zu suehen sein, Diss bein
ersten Versuche im Magen und Darme unterphosphorige Siure gefunden ~curdo,
st heint daranf zuriickzufihren za sein, dass Reste von Darminhualt mitvernrbeitot
wardern.

Fir die torensisehe Praxis lassen sich nun aus diesen Versuchen folgenie
Regeln wbleiten:

Kowmt ecine Phosphorvergittung in Frage, und lisst es sich nachwer-en
diss die angebhelr vergiftete Pevson auch nur einige Tuge vor ihvem Tode ke
Hypophiosphit: genommen hat, so braucht auf die unterphosphorige Siure ibe: -
haupt woine Rieksieht genommen zu werden,

Lisst sich dies aber nicht mit Sicherheit foststellen. so sind von et
Untevsachung aut phosphorige Sinre der Dihiabe des MagendamlanGes wol e
Haru wiszuschhessen, danu wird, wenn wirklich ein Hypophosphit et onamen
wurde, dies das Frgebniss der Untersuchung nicht hecintritchticen: donn e e
wohi der Schluss gerechtfertigt sein, dass, wenn die in den Orvganen s
kleinen Thieres, wie die beiden Versuchshunde, nach FEinvericibine er 1
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hiltnissmiissig grossen Menge von 1 g vorhandenen Spuren von unterphosphoriger
Siaure nicht mebr nachgewiesen werden konaten, dies noch weniger der Full
sein wird, wenn dem bedeutend grosseren Organismus eines Menschen die weit-
aus geringeren medicinalen Gaben dieser Salze zugefithrt werden.
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The Physiological>Role of the Hypophosohites
by MM Paquelin and Joly

For a long time the pyrophesphates and the hypophosphites
have been used therapeutically as reconstituants, We have demonstra-
ted that the pyrophosphates leave the organism the same as they en-
tered it, Wi thout undergoing any transfermations; that they are totally
recovered in the urine as pyrophosphates; that the ingestion of ‘hese
agents disturbs economy of function only to the extent of the effort
required to eliminate them; that, in sumy the pyrophosphates, far
from being rcconstituants as we supposed for 30 years, only function
as diuretics,

Our research into the physiological action of the hypo-
phosphites has led us to conclusions which are entirely analogous
to our findings with the pyrophosphates,

Methodolosy,

Chemical analysis.=- When they are exposed to the oxidizing action
of a mixture cof potassium chlorate and hydrochloric acid, the hypo-
phosphites, vhen in seclution, are transformed into phosphates. Cur
method of anzlysis rests on this fundamental reaction,

With this fundamental fact in mind, if 2 liquid contains
phosphates and hypophosphites in soluticn, how can the two salts be
measured separztely?

To achieve this end: divide the liquid into two equal partsy
determine, by means of a uranic titrate, the phosphoric acid contained
in one sample; treat the other sample with an oxidizing mixture of
potassivm chlorate and hydrochloric acidy heat in order to eliminate
the excess ol chlorine which forms during the operationy then, as above,
titrate the phosphoric acid with the ursnium solution,

The difference between the two resultant values will yield
the sum of phosphoric acid resuvlting from the transformation of the
hypophosphite into phosphates,

When we double the first value and this difference, we learn
on the one hond how much of the phosphoric acid was contoined in the
liquid in the form of phosphates and on the other hand the sum of
phosphoric acid resulting from the transformation of the hypophosphite
inte phosphates,

These operations completed; having determined by weight
the relation (mean) that exists between the twe clements that con-
stitute a phesphate; having also deternmined the relation that exists
between a knevm quantity of hypophosphite and the quantity of phos-~
p horic acid preduced by perovidation of this amount of hypophesphite,
it becomes easy to determine both the sum of phosvhate and the sum
of hypophesphite contained in the total liguid sample,
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Durdle physiologique des hypophosphites
par MM. PAQUELIN et JoLv.

Les pyrophosphates et les hypophosphites sont .pui- i
longtemps etnployés en thérapeutique comme rveconatitu.iuts.
Nous avons démontré que les pyroplhosphates sortent il {'ox-
ganisme tels qu'ils y enwent, sans subir aucune transformatior ;
qu'en les retrouve en totalité dans les uvines & Uéiat de pyar
phospliates; que Pingestion de ces produits ne fait qu'ang-
menter les dépenses de 1'économie en raison du travail &'élici-

-mation qu'y uécessite leur présence; que les pyrophosphates e.

somme, bien lvin d'étre des reconstitnants, aiusi quon le s
Pose depuis bientdt treute ans, ne sont que des diarétigue-
Nos recherches sur Vaction physiologique des Lypoplio
phites nous ont conduits a des couclusions enticrement ;..

logues.

Eu voici la démonsteation :

Analyse chimigue. — Souinis a I'action oxvdante Jun n.’
lange de chlorate de potasse et d'acide chlorliy <igue,
phosphites, quand ils sont en solution, se transic o wn
phosphates. Tel est le fait principal sur jogu . . (nes
méthode d'analyse.

Cette donnée acquise, si un liquide contient en sclution rhos

‘phates’ et hypophosphites, comwent y doser scpurément ecs

deux sortes de sels?
A ceteffet, diviser le liquide en deux parties égales; doier-
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miner, au moyen d’une soluiion titvée d'urane, Vacide phos.
phorique contenu dans Vuie, traiter Paatre par un mdiom:
oxydant de chlorate de potasse et d'acide ehlorhydiiga,
chauffer pour chasser Pexces de chlore qui se forme el
cette opération, puis y doser comne précédemuene Fuddo
phosphorique avec la solution d'urane,

La différence entre les deux résultats obtenus donmera ia
somme d’acide phosphiorique vésultant de la transiormauon
de 'hypophosphite en phosphates.

" En doublant le premier résultat et cette différence, on saur
d’une part ce que le liquide contenait d'acide phosphorique 2
Pétat de phosphates, d’autre part la somme d’acide phospho-
rique résultant de la transformation de Ihypopi.spliite cu
phosphates.

Ces opérations faites, étant connue en poids la relatiou
(moyenne) qui existe entre les deux ¢iéments constituaats d’an
phosphate, étant connne également Ia relation qui exisicenuu
un poids donné d’hypophosphite et la quantité d’acide phos-
phorique que donne ce poids d’hypophosphite par suroxyd:-
tion, il sera facile de déterminer et la somme de phosphate «t
1a somme d’hypophosphite contenues dans la totalité du bi-
guide,

Ezpérimentation physiologique, — M** N... a smivi pendant
quinze jours un régime alinentaire unifornie. Du sixitme jous
inclusivement au onziéme jour exclusivement, clle a pris®
chaque repas principal #,50 d’hypophosphite de sonde, so.
5 grammes de ce sel en cing jours. Un gramme de cet hvpo-
phosphite produit par suroxydation 0%,450 d'acide phospho-
rique, soit pour 5 grammes d’hypophosphite 2,250 d'acic
phospliorique.

Les analyses des cinq premiers jours ont donné la compar
tion norwale des urines, Celle des dix derniers jours « wmontrd
les changements apporiés dans cette composition par I sgestic:
d’un gramme par jour d’hypophosphite de soude pendant
cinq jours,

De nos analyses, il ressort que, sous U'influence de Vingestion
d’ua gramme d’hypophosphite de soude en vingt-quatre heures,
dans le méme temps, la quantité moyenne des urimes s'cs:

— 316 —

élevée de 1,138 4 1,205; que la densité de ce liquide a i
portée de 1.024 4 4,029, que la dépense de l'urée a auguienté
de 598 milligrammnes et celle de P'acide phosphorique ¢
335 milligrammes. De plus nos analyses démontrent que Lis
hypophosphites traversent Vorganisme sans subir aucone traus.
forination et qu’on les retronve en totalité dans les urines.

Conclusions. — Les hypophosphites ne sont pas des recon-
stituants. Les hypophosphites sont des diurétiques.
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The hypophosphites, intrduced to the inedical profes-
sion Ly D Churchill on the erroncous theory that they
rapply plamplierus to the syrtem, and thereby restore the
norinnl smount of that element which he considered to be
deficient §u phithisis, amd frm wbich deficiency be suppased
the tlarcule was eanm-d, bave outlived the excitement
attendant on novcty, and have ottained an official posi-
tion in our pharmacopeia. Witheut Leing n panaces for
Plithisis, hypophosphorow avid ard fta salts Lave veu
totn \‘nlunlhw companions for ond-Jiser ofl in Whir an other
wasting dixgasos. Further research bas demonstrated that
Bvpopliosphioreus acid exists da the brain and perve strue-
tne in combinntion with ¢lveerin and fat, sud that it b= s
Jeticieney of thixg and ot wucombined phosphorus, which
Tiew ab the fordation of Ui froquent and futal malady.

U Churchill erred in the selection of neutral kalts inelead of

free ackl. Theapentically, sitrate of potaseivm in ot
the samce a8 uitric acid 3 noither 3 muriate of amnsonium
muriatic acid  The albali salts ave nes wlwaye indicated,
and 3 continned through the protrocted  treatment
rouired in chionie discases they inpair the erazis of the
Vload, amwd do a dotriment uneoispeisaty J for by anv &
which can acerue {rom their uxe. With the free we. an!
with e eombinations with iron and wanzanese,

i objections do not vbtain,  Tiwe aud again I bave tawsl

thew with marked advantare, and have lenr, ca
them second only to cod-liver ol in stayivg wue deo .
ment and progress of tuleroslosia,  As ik will hnown,

* Frow the Tennwssee Dharmacal Guzetle, for Novewbaer,
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there are two myrups - the furric syrup and the forrons
rvrup. The former is obtuined by decomposing mdw‘nr
Cdeiwm lypophosphite with furric  tersulphate, The
following in o furmnin I fiormarly followed for o physician
who vsed the ayrup of the furric hypophospbite con-
siderally :—

R. Sodic Hypophiosphlte . . . . . 236 gm.
8ol, Ferric ']‘mulph, e q. 8.
Adcid. Hypophowph, 8ol.¢. , |, Y oz,
Syrapgarml. . . . . ., . 120k

Decampane the sadie by pophasphite with saflicient of the
irm rolution, wash the forric hvpophosphite, dissolve §t
in the aciil, aud add the syrup.

Tlhe ferrous hypophosphite, swing to its cxtreme solu-
bility, requirem & differond mede of manipulation. It Las
Leen proposed to form it 1o decompuming forroan milphate
with maedic by Jute, Ty aking highly concentrated
solations 70 rens and sodie salts the greater part
O saoun hagepl phit wail e paeeipitated, and
can then be dissolvad in ayrip acidulated with hypophos.
plhvrens neid, so thit vach drachn will represent about five

grains of the ferroua walt. The proportions fur feming
ferrony hylml-lnuphiw thus are five parts of from to vight
of walinm, do net deews it the most ceonomiend or the
et satinfactory process. I have foumd the following to
give n valuable venp, althongd the process dovs hot coe
under the Jaws of doudie decomposition - —

1. Ferrons Sulphate.. . . . ., 134drs, .
Potawic Hvpoplhiosphite. . ., ,  1ox
Hypophospliorous Acid. | 11 ex.

Sugar . 11 oz

Water, sufficient.
ThHenolve the tnon $u fivo nwmoon of hetling watler, nind
tlie potassic hypophoaphite in ten ounees of Duiling watcr,
mwix the solntions ; let it stawd in closely-covered vern )
tu o LBourn, filter on the xugar, and adid the hypophomplisrous
cold xalution,  No deubt there exists some sulphurie acid |
nael sudpliate of Srom, and slw some hyporhiogdiite of |
potarsinn ; nevertheless, therapeutivally, T Dave found it |
i fine combination, and the most ceonamieal of any I have
tiial The follwing in my choice for wuking wyrup
ferrous hy popliosphile me

I Freeh Fenous Oxide ., ., | e K I
Hypophosphorous Acld . . . . | &ox '
Sugar. . . . L 0L, L L, B

Saturate three omnees of the nedd with the ferrous |

enide, add the yanninder of the acid and the s . and
dieslve withont heat. Ench deaclan will contuin slout
sivograink of foman hypophosphite almost ontir v free
from any dugarities. This is the formmla I cive the
preferonee. Tom indebted to my friend My, rouse, of
Now York, for it

Another formula T have ueed for o dogen venrs fu o lc.
¢ mwpose ferrous salphate with enleinm hypophosphiite,
rour off the spimatant solation feon the sulplinte of
caliim, cvaporate with wentl: heat, filier o sngay, adld
hixpophoxpliorons aeid, ol diswlve, T contistent,
Jeacever, that T have dovived Tntter results from mangi-
vesos thun from dron, and from Lot than fram clther
e, The mti-factory foruula for w canbination for
there nents i vet noabcideratum, T owse the follow.

ing i
RoFerroun Ohide . . . ., | | amg ar.
Manganee Hypephosphise | a5 gy,
Hypbhoglamus Acid . . . L . Jioe,
Sugar . . . L. L L L L L Mo

Disealve the iron and manganese §n the acid, add the
trzar, and diveidve, To thie 1T add hypophorplite of
awnenium, when dikcise s not contra hadicate, In (e
propertion of three aninoto cach drachw, It Prescrves

* The etrangth of tie ~olition i nob Sndicated in tho
original, but we Jcennm it is to he whaderstow) that only
#uflivient i to bo wsed Gl adve the 1 speelive precipitates
of hypophvephites,

the ayrup, and also enhances, in n very positive manner,
its therapentical propertion  1f it be desirable, one grain
of quinia and one-fortioth of u grain of strychnis way be
ziven with cach dowe. Thue administered, I bave found
it, in conjunction with cod-liver oil, to arrest the progrss

of phthisis in wdevidedly positive degroe. T can recall many
ensen in which the enre meems permancnt.  In the waatin:
diseases of vhildren  in which there svems 16 bo a Jefi

ciemey of line in the rystem, with general impainment of
the nutritive fanctions, the {followiny corilivaution bas dowr
very well in my bands (—

. Caleii Hypophosph. recent. | 254 gr.
Manaanesii Hypophosph, recent, . G4 sr
Acidi lypophosph, 80l . . ., 1% r.

.. oz

Syraplgqeasd . . ., .
AL ™ 4

Teaspoonful thrice a day to & ehild ~f two or threo
years of are. 1 nsnally omibine thix with sn aromadie
elixir of ealivays, which makes it agreeally tastod and
therapeutically more efficivat.
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A~ NTRIBUTIONS TC THE ACTICN OF HYPOPHOSPHITES
CN HUMAN RICKETS

Docert Dr. Sh. Popoviciu and Dr. Liviu Dariu

The action and the utility of phosphnrus and its
derivative producta (prosphates, hypnohnsphites, or-
esnic compounds ) are widely discus=eed. These nrnducte
are prescribed, partially combined with salcium in caces
of malnutr tionr =rvrue breakdown, anemlia and in aenenr
al viem o Luore Ca o3 o acaimilatiorn o2cure ard espe-
..211ly 1in c¢iceasea nof the skeleton. The results obtsir-
ed following their administration vary and differ ac-nrd-
ine to the product used, and guite often 2are auectinrable.

FJenerally noradays, the problen dicrus=ed 1s 11 view

of findlne out if calcium and ph-sphorus adminlster-aA4 ac
any unspecific medication could be retained for 2 lonver
time in the organism and 1f in cnrsecuence they onuld
produce a more durable therapeutical effect.( Debre,
Achard, Dubreuill, M. lLabbe, Ma2noussaki, ~Zunaut, WwWel'l'l,
Guilleaumin, Blum-looft, Sichny-Kesaler etc.). We Jdo ..
irtend to give in this paper all the experiments apcd ! e
pro and con arguments concernine the posalbility te obtailn
a therapeutical recult in thice way. The resulta obtlaire”

in recent years recgardine the action of ultraviolet rays
and nof the antirachitiec vitamin have shown Indeed that
thece are the maln factors which induce ithe retentisn of

Sa and paralleily of P ir oreanieme. By this retertion
they cure the illnes=sses caused by lack of f£a and P,as are
the rickets, tetany, rartiallv tuberculnsis etc., atlments,
which come time aco,were treated with unapecific medicine
containine these elenenta, Healinz would be due to the
interaific :tion of the retarded metabnlism, charanterict®-
in thece ailments,healine,which is possgible in ca=e of an
exceas of vitamins even when a deflclency in Ca and F is
present{ Hes and his collaborators Huldschinsky, Sh'vley,
Park-3immonde, Kramer, Zaasparis-Howland,Freudenbere-vorecy,
Falkenhein-Gyoray, Worirzer, Lesne, 3aidman, Serrees, Yarfan,
Drumonds, 3yorgy-Popoviciu, Nitescu-Popoviclilu, Rec:enthe'm-
Webster, Mouriouand, Popoviciu).

Nevertheless these studiles are far from excludirzs (*
role played by phosphorus or by the phnsphste-ions ; on
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tr: contrary, it was recently admitied tual (neis rll o0
15 Tue to a similar mechaniasm, in othe words, aiso Dy an
irtea‘fication of the rnutritional procesa, iucreasing tie
activ.ty of specific fsctorsor helpins to the formatlion
of vitamir D {Freuderberv-3yoray, Pritchard, Hodznou,
Embien, Meyerhof, lunberg, Warburg, Phemister, Miller-
Braar Rernhardt-Rabl ete. ), point of view accepted, =o:
7o .vdes tre part the phosphoric acid nlays, also oy
Jaoulte, Demprez, Fiseinver, Martinet, Detre, Pouchet,
Tiwouet, loeper, sete. Similarly Remond-Boulicsud shows
trat an d¢heric derivative of phosphoric acid, the mono-
ethyl rhosphnric acid—ether (phosoforme) , wnuld in-
crease very much the number of red cells , partially
the number of the white ones and wnuld also normalize
the hepatic forctions.

=

On the other hand,even for the trestment of rickets,
pstholosical condlition,which seems to be caueed snetifi-
cally by absence of ultra-violet rays or lack of anti-
rachititic vitamin, some more conservative authore, led
by Marfan, Cozz~r1*no,although they acknowledse the role
of ultravin® . raye and of irradiated substances,recom-
nend at the same time or even in the firet place, other
treatmerts, some unspecific, as well aec the admirlstra-
tion of P and of its derivatives. One of the best connole-
seursof the rachitism probleme, Prof. Gyoray, does not
either dery the role of these latter fastors, and ae
recarés the oral administration of a plus of Ca and " P
a=1ts, he admite that some orgsnisms suffer from a var-

tcular lack of salts and in this case a regimen shnrt
11, these galts would favor the occurrence of rachlitism.
Similarly a supplement of these salts tocether with ctrer
artirachitic factors would accelerate the healine. Th &,
tt.e ennclusion to be drawn 1a that even accordine to th»
more recent trends, the so-called apecific medication
dres rot exclude the unspecific one. The advantace pre-
sented by the latter 1= that 1t 1s easier to carry out.
A proof that the unspecific medication has not bear for-
s.ken 1s shown by the number of P and Ga products , used
151 various metabolism troubles, which increases ¢aily.
Nevertheless theae unspecilic methods must be justified
by azcurate and serious expcrimental research work, One
of us (Popoviciu) found during his research work at
Sovata spa (Romania), ocne of the mnat intensive sctivitie-
ot the salted bathe there,on P and ©a retention, ar In-
crease of their blood level, facts that proove the Li-h
ef'ficacy of thils "unspecific™ method in rickets treat-
ment, as well as in other cases of deticlent I and Za
metabolism. We also observed the obvious effect of P
products when administered in simllar cases.

In order to control in a acientific manner thelr
action,we studied besides thelr clinical asctiocrn , trely
chemical one, namely thelr action on blaca 7Ta and i
the same time, on account of the freaquent =swencliaticis
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L e Poand Oa AeTiclent states and hematapalesi s,
{yorgy, Czerrny, Rorenbauu, Wielana, Hotulower eu . )
w0 thatr nealine with return to normallty »f the hinnd

ntotiura, we sought to check parallelly, the changes inter
venine in the number of the globules ard hemnelobine, wi
we had anme time awgo obaerved in the action of yeliow o,
aud dstermine aes already mentioned, the effects of a v
recer” Lroduct, namely of the phosfnrme. A8 defizter
1. r aad %a and their return to normality is more evicen?
314 sraracterietic in ricketes, we studied these elemente.
' trne Tirst place, on children havine this 1llrness,

In our first series of experimenta, we ueed an nld
phoephor procduct, the hypophosphorite syrup , orovided
bv the Eeger Jomp. (Syrupus hypnphosfhit comp.- Sraer),
we had already used in previous clinical caeeg and nf
the clinical effects of which we were by now convined,

Hypophoaphites were introduced in the healing ovrac-
tt'2e by Francis Churchill (1858) who preconized them 1in
treatment of tuberculosis, because they increase the ap-
petite, reastore " cangth and activate hematosia, Hypo-
phoephites were a..o cinsidered aas havine the property
to increace cell nutritinn and enhance organic combus-
tion. Besldes these actlions, accepted more or less on
zround of theoretical conelderations or clinical obrser-
vations, older laboratory research works showed thst the
hypophosphites pass through the orsaniam, are »nnly oxi-
dized in a unimportant proportion and are almost compi=ai-
1y elininated with urine{Paquelin, Maseol, Tamel).

Thiga 1ia the reason why, more modern methods seemed
t» be necessary especially for the detsermination of i
and Ca blnod level, for establishina their increa=e - ..
rately, determination of the $a AP product, as well
the decreane of the quotient Ca/P (Howllard-Kramer, Hega-
Lundazen, 3ynray) after the treatment, as it would nroove
2 P and 7a retention irn the oreanioemn, thus, a therapeuti-»
21 effect. Incidentally nowadays 1t 1rs known that, the
{1 ioresae of blood level Ca and P, an increacse of ZaXF,
and decrease of Ca/P, especially characteristic in the
care nf rickets and the action of the antirannitic vita-
min , allow for much more extensive conclusions to be
drawn, as they are also a proof of the Increased resint-
ance of the ormamism to infectlons (Gyorsy-Ponovictu,
Worinzer, ¥Yourlquand, Bileling, Heymans, Dowell-H1i1-""lari,
kreitmair-Eicholtz, Popoviciu, etc.). From thig rnint o
view, our research studies should have brought us indlicn-
tions if this increase of the resistance towards the ncs.
infections could be obtained with unspecific medlostioc.,
irn the firat place by usine phosphorue products., Tha ko
phoaphite syrup contains beside the potaseium, srdium &7
caleium hy pophosphites, phosphorous acid and iren sa'te
(pyrovhnaphates, citrates) as well as oulnipe - 3 v oo
tentative resgearch work could have drawrn nur 3 0.
an eventual efficacity of several of the medfcati
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Gur research atudles have been made with 7 ohl Lape
A o1 them nhad rickets, and orne TB pepritonitiy =i oo
. The are of the children with ricksts was 4-7 mo. ..
1,1/4, years, They were treated with hy podhosdiite
grrup durine 4-6 1/2 weeks. Thedeterminatinnag ressed!.
Troand P blood level, red zlsbules, white opnes and -
cinbline waere carried out at the besinnine of the tres.
qert, 3t the end of the treatment and 8-20 days nftor
Tooeiyation.  Calelum has been determined by *he Hrano
T.=ds7 1 riethod, and Phoephorus after Rell-Noiey-Rricse.
O.r results are given in the annexed table.

Y
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Fenerally speaking the clinicsl condition of tre
chiildren indicates ameloration durine the traatment with
hypophosphites; these amellorations continued after +the
treatment was over, and were partially shown by reijuctic:
of cranjiotabes, gradual decrease of perapiration, erun-
t*or. o' teeth, fontanel decrease and improvement of otgt?
funetions and aeneral condition. We shall not ireiet o
trese clinical lmprovements because the observatio; time
wias relatively short, insufficient for more evident <tans
of' ¢linlcal hee” " = and because we could not check the
ro~ulta b l~raye ¢n a“.ourt of technical difficulties.
W focuered our studies on the blood chemical modifica-
t'ons which can rhow much sooner thanr the clinical ornes
e amelinration of the rachltic proceas, of the Ca and
P reterntion, and the modifications that intervened in th-
giobule nunbers and in the hemozlobine.

As rerards the Za and the P, the mean shows sone
aselliorations which in any case are inferior to thnose
obtained by spvecifle treatments, known to fix tve Ca

snéd P ae are the ultra vinlet rays and vitanin D. ™.
Za and the P increased obviously only in one case {(Vo,.*
especlally noticeable in the pronduct <axXP, and rels .4
iricrease of P, reduced Za/P.In the pleuro-peritonitis
cnse (No.7) we obtained important increase of P and even
n: Ta which became evident after the treatment was nver,
Tresa iroreases as well as the product CaXP, and the

f: 2tor Ca/P show an obvious P and Za retsntion. However
1r trls latter case we could not completely exclude tihe
pcealbilility of -a spontaneous amelioration , because 1t is
krown that in acute patholomgical conditions aa preumorts
arivers, fever etc., (Jerastenberer, Urechia-Povoviciu,
Birk) nyoovhospatemia and blood Ca troubles are prersent.

Ir reneral, the increagse of the Ca level 1s melntatne:
ar< 8ven raises more after the treatment 12 over. 4= tars:
ttre P, In 4 of the 7 cases 1ts level decreased even dulii
the trestment and cropped more after ites interrupti o,

Aa resards the modificatione in the number of rel
white,cells and of the hemoxlobine, meneralliy,inocroeau.
rave heen obaerved; thecse increaces were Lipravigt S0 -9
tre troatrnert but atter 1t was over, som. oo e

o~

arne Toderad and eome 1noreased further, Ty cacs
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decrease was due to acute flue and suppurative ntitie.

The anelinratinne obtained, cannot be credited with-
sut dlecurnion, te A mechartem idertical t» the usual or.e,
‘r the healing of rickets. “ompared to the conetart and
accertunted increase of P urder the actior of ultravinlet
rays ané vitamin D, in the treatment with hynophosphites,
P shows an 1ncorstant increase or even decreaces. The P
decrerse 1n cases 1, 3, 5 as well as in the total mean ¢f the
cases,also the decrease of the product ZakP ard the increase
of the quotient Ca/P during or after the interruption of the
treatment, wher, administration of hypnphoephites was atopped,
2alls for flghtine hypophosphatemia Ly meanre orf hypophosphites,
evel in the cases In which the blocod level durine treatment,
indicated only an insienificant plus or even a mirus ; we
think that the hynophosphitesa durims their strusele a-ainet
the rachitic process should nroduce at leact a temporary
1n?yease of P, even if lesa significant. The raise nf blood
Ty 1= alen ir aupport of the ircrease of bluod P aa dye
tn the hypophnephites,beine admissible gt least faor a snort
time, in a first phase of action, after their Hral = mintc-
tratiop,phase w"!"» would Le followed by anplified hyporhoe-
phat~mta,not) *-” in "~ases 2, %, 4, 8, Ve belleve, suprorted
by sur present knowledee,that the 6a raise cannot occur durine
rickets without a parallel incresse of P, even if only relative
and temvporary. Moreover the formula ¢iven by Ronma-Takanhashi-
Tyoreys
H admite an increase of 1nnized 43 and perhaops
Ca = ——meremee e even of the totsl one,in cace of minue F.
H04- HPOy Such an antagonism between total 2a apd
blood P has been met with also 1u other
cases; action of adrernalin, ersotlnine, hyonscine in hyver-
ventlilation tetany, in the spasm of idiopathic parathyroorive
tetary (Wolmer-Grant, Goldman, Gyoray-Vollmer, Ponnoviziu-
Poenaru, Urechia-Popoviciu and Popoviciu-Popescu).

In any case, the incresse of Ca, beside a wminus of F
can only Le temporary, becausé after hypophosphatenia, ac—
cordina tn the pathocenic mecharler in rickets, o1 ircreases
elimipnatior of fa from the oreanism occurs and thus we have
as result a decresse of blnod Za. But the increace nf tlo-a
72 ard P, resultineg from our experimerts with hynnphosphites,
w11l have a healin< action, even if onlv tenncrary and will
help the orearlam to resist in the critical pertnds urti
the «peciflc treatmert for Ca and P fixation is at hard
(antirachitic vitamin , ultraviolet rays etc).

1) As regarda the usual hiecher values, ever in the
untreated rickets of our studies, see work of TForovielu
published 1r. Clulul Medical, 1928; 1t could 4leo be
the case of restorine the level of %a in ri:kets 3as ahown
in older research work.
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&e resards the increase of the zlovules and of the
hewoeisbine 1t could be due atl least partiz=ily.
“yrovhoaphites (eimilarly to.the actlon obaerved o
vellow phosphorus by Jowers, Tausslg apnd for phorofnre
by H"ewond ard Boulicaud). On the other hand 1t asy wos.
oible that the iron 3alts , contained hy the hynap“““w
vhie cyvrup, (poyrophosphates, citratesg), have alen a vo°

T o e

™ . rote of these factors wlll have to be deterasioo
iri Turtner research studles in which only the sction of
ik by pophoephites will'be consldered. Due to the di=cus-
atong and controversial opinions regardins the tneraJeutinw
41 metinns of the hematopoietic products (arsenic), in
cereral the roborant treatments, stimulants of the meta-
boiiam on rachitic skeleton modifications as well acs the
tewiing of diseases of hematopoletic orzans, in the {irst
nlene of the function of the spine marrow (Marfan-Baudouin
inonenhatmer-Beniamin, Hutinel-Tixier, Zie<ler, Oenhmer,
sormorl, Christeller, Nitescu-Popoviciu-Uneureanu, Fuchs.
Pr eeel, Seel etcy), 1t would be too snon to decide if the
clinical ameliorations observed in these rickets cases
ahra1d ot be cnrneidered, at least partially, also due tc
the cther su™~' 168 contained in the syrup, bezids the
hyoophoavhites.

“wrarlusions: Durineg the therapeutical action of the
nyravhoavhites (Syr. Hypophosph. comp. Eroer) on rickets,
we observed clinical ameliorations aa well 3e mondificatior:
inn 7a and P which are more inconstant and lee= evident,
anmetimes aeemine opposed to the actlon of ultravinlet
rava mud of sntirachitlc vitamin D; neverthelens a similar
itv, ever if partial, seems to exist between the mechanism
of the hy pophosphites action and the "specific” antirachii:
treatment. At the same time we obgserved almost withou!l
exception, an obvious increase of white ard red cella apr
hemorlobine In the cases we treated. If these increases auve
aue to the hypophosphites or to the iron contalned in the
hysoohe2pnite syrup,wlll have to be elucicitzd by further
researcn. In any case, the hy pophosphltes effect on the
nksd =Znoules srd on hemosglubine couid partially explain
the =zneliorations obtained by this treatment. All thes
a¢ . iona justify the use of the hypophnphites ayrup, e=pe-
¢11lly a5 a temporary or adjuvant treatment , beside the
anpscific treatment , in rickets and other troubles of ths
78 ard P metabnlism as well as a wide utilizatinon cven

by itself in case of anemia ‘and malnutrition.
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EFFRECTS OF HYPHOFHOSERTTRS

TARLE

o dat

s urres g nd
o Sl N G sobole G ! oo . : r
LW Dy D Luephite., j: With, = wicosuwe, Lo oe.

fi

: Lhnuwles, n: hemezxlobine, o= 2linflas ¥ o0 oo vzt Lo
A 8 NI0. §
g 70??: snagm,  Flue, otitis. Dy"t“mphiay Widhoud,

rerapliratien, especially on head. SUighl crapiotaser.,
Ra\1i?fa rosary.0ccipetal alopecia. falhju te arleen
Sauare a3, Frontal boeaines., B firser wide f,pu, i
‘ vit« Reduzed fortanel. Less.balpable sples.
i g“l stratinon.

' Se. Rieckets, Thoracic defornities.,vers oo
wtunted rachitle rosary. Rachlitic braceleta. O 115
rear nrer Tontanel. Intense perapirstion. Statte furnct:
Aeiayed, S 4 condition, but reduced verapiratnn.
T“ettor ceneral corndition, sets up epontanesusly
rm ocees pn, %
Dyetrovhiey,rickets, Suppurated mediun otitis., Faoimyt:
rosary. Perapiration. Adsnoid vecetations.
Sare atate,
F{‘ter rerieral condltion.*S0 gr. weleht inc aaes.
“ratic functlons delayed. Does not zet up. after
renirelties phenomena ,+the 13 April. Autopsy: TB.
p= cage no. 4
Dyetropnie. Ricketa.No teeth.Razhitic rosary. Ber- i
thiomirel distensior, thorax basze enlarced. Psipabic
spLeen. Static iunctinns delayed. 5erieral conditinre
ad., «ei3 up gpontaneocouely, Reduced perapiration. P
vaclse soleen. Good seneral condition, but no teeth.
T .5
opnle, rickets, persvirvatiorn, rachitic cocury.
tvath Doea not set up. Snme sereral condition.
WS *1atve teeth erupt. “sme viate welaht wtalic,
ST ﬂm.&
Hlekete,exudative dlathesie, Abdominal disbtenting.
§ fin~er wide fountanel. Slight craniotabea, Rachiti'~
rorary, Sxcessive perspiration. Dissapearance of
aranintabeg,decreased peraspiration.Doee not =%1.
00 2w, walzht Increasve,
Tz ocase no.T
Eezematnue keratoconiunctivitie., Peritonitis ar?
pieuricey . Better gseneral conditiﬂn. Redun~ed npor-n
ration.
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fnstitut! de formucolosie w
Central pentiu ocrofiree coplilor din Claj.

CONTRIBUTIUNI LA ACTIUNEA IPOFOSEITH
IN RACHITISMUL UMAN

de
Pocent Dr. GHEORGHE POPOVICIU si [ LIVIL DaRIY

Actinnes si utilitatea preparafiapilor {osiorviui 50 .
derivatiloc sai (Tosfafr, ipofosfitt combinapuni orga
sunt mult diseutate. Acesie preparatiuny s oo il
parte, combinate ca ecaleiu, i stariie de aubrgraae oo
tuoasd, epuizdri nervoase, amemii §i ia gonoco o
asimilare vicioasd a P-lui §i a Cadui, cu deoehiry in |
buririle sistemului osos. Rezultatele e w’as chiin
administrarea lor, sunt diferite vanind i Gupd joeoe
;wm fiind adesed problematice. \
~" »In genere astdzi se discuté malt ducd fosforul
calcial administrali'in orice formi medicamentonsi |
sd fie refinuti pe timp mai fudelungat in orgamizin %
consecin{d dacll ar pules si producd o v jpane forag o
maj durabild (D ebré, Achard, pubreuld, M. Lab.
Manoussaki, Cunaut; Weill, Swmiiicau oo
Bium-Looft, Sichny-Kessler ete). Nu wsia
tenfiunea m)astrz} sd aritim aici toate cxpericufele si av .
mentele ridicate pentru sau contga posibilitdjii unii oz
tat terapeutic pe accasti cale. Indr’adevir repultaigic i
milor ani in ce priveste. actiunea razelor ultraviolete -
vilaminei agtmuhlm;c, au.-ardtat ¢4 ageslen din wrms -
factorii principali .cari dau o rdieniie de P si_po mi
de Ca in orgamsm Prip accastd ratenfic ele +indecd s

cari sunt cq;dmannw du 9 lt'pag da‘\,ll‘n o . griv g5
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tismul, tetania, in parte tuberculoza ele, cari inainte erau
tratate printr'un aport medicamentos al acestor clemente.
Vindecarca s’ar produce printr’o inlensificare & metabo-
lismului intarziat in aceste stiri, vindccare posibita in ca-
zul unui plus de vitamind chiar si pe lingd un aport de-
tectuos de Ca si P (Hes §i colaboratorii sai Huld-
schinsky, Shipley, Park-Simmonds, Kramer,
Casparis-Howland, Freudenberg-Gyorgy, IFal-
kenheim-Gyorgy, Woringer, Lesné, Sardman,
Gennes, Marfan, Drumonds, Gyorgyv-Popov i-
ciu, Nitescu-Popovicin, Roscentheim-Webster,
* Luriquand, Popoviciu).
T.* i aceste cercetdri sunt departe de a exciude rolul
P-lui sau a fosfat-ionilor, din potrivd se admite mai nou
ci si acegtia ar acfiona printr'un mecanism analog adecil
tot printr'o intensificare 'a proceselor nutrilive, mirind ac-
fiune~ factorilor specifici sau ajutand formarea vitami-
net D (Freudenberg-Gyorgy, Pritchard, Hodg
son, Embden, Meycrhof, punberg Wa rburg,
Phemister-Miller-Bonar, gernhardtR abl ctc.’,
din punct de vedere impdrtdsit, in ce priveste rolul aci-
dului fosforic, de citre Joulie, Desprez, Fissinger,
Martinet, Debré, Pouchet, Drouet, Loeper, ete.
In aceeasi ordine de idei Remond-B-o ulicaud, aratd
c& un .derivat eteric al acidului fosforic, acid-eterul mao-
_noetil-fosforic (phosoforme), ar produce o mirire insem-
natdi a globulelor rosii, in ‘parte si a vcelar albe, cit st o
normalizare: a functiunilor’ hepatice.
.Pe de-alti parte chiar gi in timtamentul rachitismului,
o stare patologicii, carc pars a fi canzatd in med specific de
lipsa razelor uitraviolete sau a’ vitaminei-antirachitice, unii
autori mmai conservatori, in frunté ¢u Marf an, Cozzo-
. ¥mno,.desi recunosc un rol inscmnat razelor ultraviolete
.. g1 substantelor iradiate, recomandd in acelag timp sau
" chiar in primul loc alte tratamente, partc nespecifice, cil
st administrarea de P si @ derivatilor lui. Unul dintre cci
'y mai buni’ cunoscitor! ai problemei rachitismului, Prof.
# %5 yor g ypdeasemenea nu neagd rolul acestor factori din
- jurynd, ‘¢l ' “ce priveste administrarca pe cale bucald a

-
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anui plus de siruri de P yi Ca, admite c& unele organisme
ar suferi de o lipsd deosebitd de séruri si aci un regim
R . siirat’'in ele ar favoriza producerea rachitismului. In mod
analog un aport al acestor saruri, impreund cu alti faclori
antirachitici, ar accelera vindecarea. Concluzia ar fi deci
ci nici dupd orientirile ihai noui aya zisa medicatiune
specifici nu exclude pc cea medicamentoasi Dealtcun
aceasta din urmj adesea este mai usor de executat. Ci tra-
tamentul medicamentos nu este nici decit abandonat, ne-o
dovedeste numirul de preparatiuni fosforate, intrebuinjat
in diferite turburédri ale metabolismului, de Ca s§i P, si
care creste din zi in zi. Dar aceste metode nespecifice sau
~odicamentoase trebuesc justificate prin cercetiri experi-
mexztale serioase si exacte. Unul dintre noi (Po poviciu)
a gisit in cercetiirile ficute la biile Sovata o actiune din
cele mai intensive a biilor séirate de acolo, asupra retentiei
de Ca si P, o ridicare a nivelului lor sanguin, ceeace ple-
deazii pentru deosebita eficacitate a acestei metode | nes-
- pecifice” in rachitism cat i in alte stiri cu metabolism
de Ca si-P defectuos. Pe de alti parte am putut obscrva
in mod evident efectul unor preparatiuni de P, adminis-
trate in stdri similare.

Pentru a putea eontirola in mod stiintific acjiuneca lor
am crezut de necesar si studiem aldturi de actiunca chi-
picd, cu deosebire pe cea chimicd si anume asupra Ca-
lui. §i P-lui sanghin. In acelas timp, date fiind asocicrile
frecvente ate stéirilor de deficit in Ca si P cu hematopoeza
(Gyorgy, Czerny, Rosenbaum, Wieland, Hot-

+ . tinger etc) si vindecarea lor cu restabilirea tabloului
sanghin spre normal, am ciutat si cercetdm in mod paralel
modificdrile in numirul globulelor i ale hemoglobinci,
observate de mai de mult in acfiumea P-lui .galben, si
cum am mai accentuat, si in efectul unei preparatiuni
mai noui, ca -phosoformul. Deficitul i Ca si P §i res-
‘tabilirga lor Ja normal fiind mai accentuate sgi.caracteris-
Jtice In rachitism am gercetat elementele de mai sus in pri-
mu} riand la copiii sufezind de aceasti boald. .

4 Amsinirebuintat,is ppima serie de cercctiri«pe carc
am intreprins-o in scopub. amiinhit, un vechiu .preparat

© -
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fosforat, siropul de ipofosfi{i pe carc ni l-a pus la dispo-
zifie casa Egger (Syrupus hypophosthit comp. - - Egger).
i de a cirui eficacitate clinici am avut ocazia s ne con-
vingem in numeroase observafiuni anterioare clinice.

Ipofosfifii au fost introdusi in practica curalivd de
Francis C hurchill (1838) carc i-a preconizat in tra-
tamentul tuberculozei. Aici ei ar miri pofta de mincare,
ar cregte fortele si ar activa hemaloza. Deasemenca s’a atri-
buit ipofosfifilor calitatea dc a miri mutritiunca cclulard
si proprietatea de a augmenta combustiunilc organice.
Fati de aceste actiuni, admise mai mult Ia baza unor con-
«ideratiuni teoretice, sau observatiuni clinice, cercelarile
de laborator mai vechi au ardtat cé ipofosfilii stribat orga-
nismul, oxidindu-se numai intr'o proportie neinsenmnati
si cii se elimind, aproape complet prin urind (Paquelin,
Massol, Ga mel).

Se impunca in consecintd in mod imperios, cercetiri
cu melodele mai noui, dintre cari cu deosebire determi-
narea nivelului sanghin al Ca-lui §i P-lui, stabilirea cres-
terii separate a lor si si a produsului Ca, P, cit si a

descresterii  cvotienlului (Howlland-Kramer.

a
p
Hess-Lundagen, Gyorgy) in urma tratamentului. p.t
s4 dovedeasc#i o retentie de Ca si P in organism, adicd un
efect terapeutic. In acelas timp azi se gtie cd o ridicore a
Ca-lui §i P-lui sanghin, o crestere a CaXP-lui si o scadere

Ca - B : . .
a.p caracteristice cu deosebire pentru vindecarea rachi-
tismului §i acfiunea vitaminei antirachitice, ingédue con-
cluziuni mai largi, dovedind in acelas timp mdrirea rezis-
tenfei organisimului fatd de infectiuni (G yorgy-Popo-
viciu, Woringer, Mouriquand, Bieling, Hey-
mans, Dowell-Hill-Clark, Krcitmair-Eicholtz,
Popoviciu etc.). Din acest punct de vedere cercetivile
_noastre trebuiau si me aduci indicii dac# accastii mdrire a
rezistentei fati de noxele infectioase ar putea s fie ob-
tinutd si pe calea medicamentoasd in primul rind prin
medicatiunea fosforic. siropul de ipofosfiti, con{inand a-
laturi de ipofosfifl dé calciu, sodiu si potasiu, acid ipo-
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{esfuros gi saruri de fier (pirofosfafi, citraji: cat yi (hlu,gwg
in cercetirile noastre de tatonare putea si ne atraga aten
fiunea asupra eventualei eficacititi a mai multor factori
medicamentogi.

o Cercetdrile noastre au fost facute la 8 copii. dintre

N cari 6 rachilici, iar unul suferind de pleuresie si peritonita
tbe. Varsta copiilor rachitici a variat intre 4 -7 Juni - 11,
ani, Siropul de ipofosfifi le-a fost administratl, timp de
46!/, siptdmani. Determinirile de Ca g1 ' sanghin, glo-
bale rosii, albe $i hemoglobing, au fost facute la inceputul
tratamentului, la sfargitul lui §i 8-20 zile dupi termi-
narea lui. Caleciul a fosl determinal dupit wetoda Kra
mer-Tisdall, fosforul dupit Bell-Doisyv-Briggs. Re-
zultalele noastre suni redate in tabela urmiitoare.

In genere starea clinicd aratd uncle amcliordri in
timpul tratamentului cu ipofosfiti, continuata si dupa intre
ruperea Jui, ameliordri manifestate, in parte, prin redu
cerea cranietabesului, diminuarea transpiratiunilor, apa-
rifia dinlilor, reducerca fonlanelei, ameliorarea funcfiu-
nilor statice si a slirii gencrale. N'am dori fotusi s insis-
tim prca mult asupra acestor amelioriari clinice fiind
timpul .de observatiune relativ scurt, insuficient pentru a

. da semne-mai evidente de vindecare -clinici si lipsindu-ne
din cauze techaice posibilitatea unui control mai sigur prin
razele .X. Ceeace am cercetat noi au. fost modilicirile
<himice sanghine eari pot aridta malt inaintea celor cli-
yice o amcliorare a-procesului rachitic, a retentiei, de Ca i
P, cat si modtflciﬁle In numirul globulelor si a hemo-

- "glohlnei . .

i, - In e privegte Ca-l si P-1. modia ne arath oarewcam

. .amehorﬁn in tot cazul inferioare acelora pe cari le dau

- tratamentele specifice calei- i fosfofixatoarc, ca razele ul-
traviolete si vitamina D. Ca-l gi P-l1 au crescut in mod in-

t imtr'un. singl!r caz, de rachitism (No. 6), evidenjiat
cu:dtmqblre prin progusul lor CaxP, deasemcnea i prm

sterca rel.luvl( a P-!ui (Ca scérut) In cazun de pleurw

peritomta (No. 7}* denmnenea s'au objinut cresteri. in-
semnate de P gi chiar de GCa manifestat dupd intreruperce
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ﬁ‘ﬁ’tamentulm Ele cat si produsul Ca D, si Tactory! L:
aralii o accentuatd retentic de P si Ca la acest caz. T oluy
in acest caz din urmi n'am putea si exludem «u desavar-
gire. §i posibilitatca unei ameliordri spontane, cunoscut
filnd ca la starile patologice acute, ca pneumonia. frison.
febri etc. (Gerastenberer. Urechia-Popoviciu,
Birk; existi o ipofosfatemic. cit si {ulburiri ale Ca-lui
sanghin.

In genere ridicaren nivelului de caleiu s¢ mentine sau
se accenlucazi chiar, dupd intreruperea tralamentuluic In
arivinja P-lui in 1 din cele 7 cazuri se observa scaderi
euivr i in timpul tratamentului. seaderi cari se accen-
tueazi dupid intreruperea lui.

In cc privesle modificdrile globulelor rosii. albe si
ale hemoglobinei, ele prezinti in genere cresteric uncori
considerabile in timpul tratamentului. cari s¢ menfin, re-
duc sau se accentueazd in parte dupd tratament. In cazal
No. 3 diminuarca trebuc datoriti procesului acut gripal cu
otitd supuratd. . :

Amelioririle oblinute nu. pot fi atribuile, fird discu-
tie, unui mecanism identic cu cel obisnuit in vindecarea
rachitismului. Fati de cresterca stabild si accentutd
P-lui din acfiunea razelor ultraviolcte si a vitaminei !, .
tratamentul cu ipofosfi{i P-I cregte inconstant sau ci.ar
scade. Sciderea P-lui din cazurile 1, 3, 5 cit si in media
totali a cazurilor, deasemenea sciiderea produsului CaxP

si cresterea cvotfientului (;? apiaruti sau exageratd dupi

fntrerupcrea tratamentului, dup#t sistarea administrarii i-
pofosfijilor, pledeazs pentru o combatere a ipofosfatemiei
prin ipofosfi{i, chiar $i in cazurile unde. nivelul sanghin
din timpul tratamentului s'a inregistrat decat un plus ne-
insemnat sau chiar un minus, datorit insa luptei dintre pro-
cesul rachitogen, 1pofosfalenu/ant si dintre ipofosfiti, cari
eel putin temporar’ credem ci pot producce o cregtere,
fi¢ chiar mai putin insemnati, de P. Pentru o ridicare
cal pufin temporard a P-lui sanghin prin ipofosfiti, admi-
$ibjli cel putm pe scurt timp intr'o primi fazd de acliune
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dupa introduceren lor pe cale bucald, cirei faze i-ar arina
chiar o exagerare a ipofosfatemici, aceca adecd din cuzu-
cile 2, 3, 1, 9, —— pledeazi si ridicirile in nivelul Ca-lai
sanghin?;. Intriadeviar o eregtere a ealcinlui sanghin in
rachilism, conform cunogiinfclor noastre de azi, nu se
poate produce Tiard o creglere paraleli — chiar i nu-
mai feimporard sau relativi, addngim noi -- de P. De alt-
cum formula lui Rona-Takahashi-Gyvorgy: Cuz
i HA‘ - .

f Hco, uro,
poalte si a celui total, in caz de minus de P. Un asemenen
antagonism intre Ca-l total si P-ul sanghin 8a vizut si in
e acfiuni; asa in aclinnea adrenalined, ergotaminei, hios-
vinei, ur tctania de iperventilagie, in spasmul din telania
paralircoprivit. idiopatich  (Wolmer-Grant, Gold-
man, Gyorgy-Vollmer, popoviciu-Poercanuy,
Urcchia-Popoviciu §i Popoviciu-Popescu.

T toi cazal eregterea de Ca, alituri de un minus de
[, nu poale 11 deedt (recatoare, urmand ipofosfalemiei,
conform mecanismulai patogenctic din rachitism, o elimj-
nare miriti de Ca din organism. deei in eele din arni o
sciadere a nivelului de Ca sanghin. Dar ereglerca, cel pu-
{in temporari, a P-lut sanghin st o ealeiulud, rezoltind din
cereetarile noastre cu ipofosfili, trebue s aiba un cefect
curativ cel pulin temporar, si ajute organismul si treaci
prin perioade mai ceritice, si pind la an aport de factor
specitic - calei- si fosfolixalor | vitamina gnlirachilicd, raze
ultraviolete ctel). »

in ce priveste cresterea globulelor i a hemoglobined,
ca ar pulea si fie datoratd. in parte cel putin si ipofosfifi-
for analog unei acliuni vizute, Ia P-ul galben, si de (o
wers Taussig, Lt phosolorm de Remond si Bouli-
cauwd. Pede alti parte insd ar pulea si joace un rol
sivrurite de fer pirofosiadi, citralic, pe cart il conline si-
roprul de 1polostili.

admile o mirire @t calcinlui ionizat si

1) In co priveste valorile in genere mai inalte, chiar si io rachitismut
netratat din cereetarile noastre, v. lucr. Popovicin. Cluj Med. 1. 1028, sau apoi
ar putea fi vorba de vindecarea niveluli la Ca din rachitism acumulatd de cer-
cetivile mai vechi.
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Linoocite %o globlna o 17 OBSERVATIUNI Cl.liniLE
n X
B 75,0 * Spasm piloric, Gripd, ofitd. Distrofie. Rachitism, transpirafiuni, Indeosebi la cap. Usor craniot ooy
Matanii costale. Alopecie occlpitald.
R ey 60 T Splina palpabila. Caput yuadratum. Bose irontale. Fontanela deschiss peniru 2 degete.
[IRKEE Y N YAl 0 Nu gade. Fontaneta mal redusa. Splina putin palpabiid. Transpiratiunile mai reduse.
37,0 Distrofie Rachitism. Torace in forma de painie, mAtanti costale foartc pronmuntate. Bragir rach. !y,
Fontanela deschisd pentrn 2 degete.
EREAA 1, U, + 14,0 Transpiratiuni intense. Funciunile statice intarziate. Aceeay stare, dar transpud o pull
4 Bt -+ 1.6 65,0 1-140 Starea generald mal bund, se ridici spontan.
170 70,0 Distrofie, rachitism. Otitd medie supur, Matinil costale. Transplrafiuni Vegetafii adenolde. Pirque 7
12 13,000 —-235 . 700 . 0 St. idem.
2
+ 4 o =204 850 . 220 Starea generald mai buni. Cregte tn greutate 350 gr. Functiunile statice Intarziate nu se ridica. Dvﬂ
sipiaimani fenomene de meningitd tbc. + la 13 [V, Autopsie: tbc. mil.
{
£3,5LH0 75,0 Distrofie, rachitism. Lipsa dentifiei, maténii costale, transpiratiuni, abdomen balonat torace Wrglt 14 ba.
l Splina palpabili, Functiuni statice IntArziate.
Y 0,700 +493 © W0 {2000 Starea goee-=»'3 mai buni, se ridicd spontan. Transpiratiunile reduse. Splina se palpeazd.
l ! s
13 G000 - 4231 860  -+146 | Starea sc menfinc buni. Dintil ncd nu apar. h
“ . A
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Rolul asicestor tactort aparte, va trobui muric n ocer
cetdri viiloare cari vor trebui sa studicze exclusiv e
acfiunex sdruvilor de ipolostiti. Date tind discutinnile
parerile contravicitoare asupra actiunilor terapentiee pe
cari le au preparatiunile hematopoetice, arsemical  in
genere tratamentele voborante. stimulante ale nwctabolbs
mului asupra modiliciridor osoase rachitice, cat s drep -
tarea furburdribor organclor hematopoetice, in prinad raud
a funefiunei miduvei osoase . Marctan Kaondonrn s
chenhcimer-Benjamin, jputenel-Tivier, Zicy
ler, Ocelimer, Schworl, Cheistetler Nijesen
Popoviciu-Ungureanu, Pochs-Pricsel, Seel
cle.), ar 1 pripil i decidem de acam daca ameliorarse
clinice pe cari fe-am vazul in aceste cazurtde nelnlisoy, uu
cwmva ar {rebui s4 Ie atribuim, in parte cel puating so ce
lorlalle substanfe pe cari le confine sivopul. in alard de
ipofostiti.

Concluziani: In decursul getinnel lerapeatice o ipofos:
litilor (Syr. Hypophosph. comp. Fuger® din rachittan, am
observat ameliordri clinice ciil i wodificari in Caos P
cari ce-i drept sunt mai putin accentoante stoma incon-
slanle, uncori in parte st in aparenla chiar controre e
nei ferapeutice a razelor ultraviolete st vituminer anli-
rachitice 1); totusi pur s existe; cel puline in parte, ogee
cari analogii intre mecanismul gefiundi jporosiatilor sioo
tratamentului antirachitie ,specific”. Inoacelay thap un
putut sit observiim aproape fira oxeeplic, o creslere evi-
denti a globulclor rosii; albe st hemoglobiner din cazurcie
tratale, Dacd aceasla se datorcazi ipofostididor sau deralun
din siropul de apotoslifi, v trebur clhueidat e coreciae
viitoare. In tot cazal electele asupra globalelor din sange
sboasupra hemoglobinet ar pulea sa exphiee o parte
meliorfirile oblinute prin acest featoment. Toate acesie
actiunt justitica intrebuintaren siropulvi de cpolostiti -4
deoschire ea tratament femporar sau adjavant. aiter
de tratamentu! specitie, oo rachitisny s i e arbor o
ate metabolismuhn de Ca oo et o favea abibiz e
chiar st Fara alte tratimente. e anemne seostare e o
nulrifiune.
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In the cowrse of some metabolism experimer:ts with various sulfur-con-
taining componnds, carried out in the laboratory of the Lankenau Hospital
Rescarch Institute, confirmation of the inhibiting effcct of evsteine on
coagulation reported by Mueller and Sturgis (1932) was obtained. A
similar effect of methionine was observed in 7n vive but not in in vitrn ex-
el In an attenapt to explain the mechanism of this inhibiting ac-
uon, the iolowing series of experiments was undertaken.

L In vitro cxperiments with whole blood. Cysteine hydrochloride, taurine,
methionine, glycine, alanine and eysteic acid, neutralized to pH 7.0 -+ 0.1,
were added in graded amounts to whole blood giving final concentrations
of from 4.4 X 102 to 018 M, and the congulation time was determined by
the & nun. tube method. The results are <ummarized in figure 1. The
abscissae represent molar concentrations of the substances, 0.4 ce. of wiil,
was added to 1 cc. of whole Blood. It may be scen that a marked inhibi-
tion of coagulation oceurred when taurocholie acid, taurine and eysteine
were employed, whereas methionine had no effect 1o the limit of its
soluhility.

1L Tn vitvo experiments with the isolated componenis of the bood clotting
systew. The components of the coagulation system were isoluafed by the
following methods: Prothirombin was prepared from horse, rabbit and
human plasmas by the method of Mellanly (1021).  Fibrinogen was
repeatedly salted out from horse plasma with sodium chloride (Eagle,
1934-35).  The tissue [actor was obtained from two ourees: a, platelet
suspension (Iagle, 1934 35), and b, desiceated rabbit lung (Bagle, personid
communication), by dryving in the Ilosdorf-Mudd desiceator.!  Caleium
was added as 1 per cent CaCly. The pH was controlled at 7.0 2= 0.1 with
bromthymol blue as indicator.  From u stock solution of cysteine hydro-
chloride, freshly prepared immediately hefore using and adjusted to pH

' The authors are indebted to Sharp and Dolime for wenerous supplies of harse
bleod and ulso to Doctor Fiosdorf of the Department of Bueteriology of the Univer-
sity of Pennsylvania for nse of their Flosdorf desiceator.
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In a typical experi-

ment the following procedure and amounts of constituents were used :

Into n carefully eleaned test tube (70 mm. X 8 mm. inside diameter) were placed

ec. of platelet suspension.

001 ce. of CaCl; solution and approximately 2 mgm. of desiceated rabbit lung or 0.02

Two-tenths cubic centimeter of prothrombin solution

was added, the materinl thoroughly mixed by shaking the tube and allowed o stand
for 10 minutes (which time was found to be sdequate for maximum formation of

Eight-tenths cubic centimeter of fibrinogen solution was added, the

throambin).
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Fig. 1
Fig. 1. Effect of various compnunds on the coagulation of whole blood. Ab-

seissae, molar concentrations added, 0.4 ce. to 1 ec. of whole blood. Ordinates,

time in minutes.
Fig. 2. Effect of cysteine on coagulation time with varying concentrations of
prothrombin.  Abseissae, molar concentrations of eysteine.  Ordinates, coagulation

time in minutes.

materinls mixed by a few quick shakes, and the tube examined for coagulation at 10
Lo 15 second intervals until it could be inverted without apprecisble change in the
level of the contents.  The congulition time, the time elapsing between the addition

of fibrinogen and the elotting, ranged with different batehes of the preparation from
The addition of ¢ysteine

3 seconds to 4 minutes, with the majority around 1 minute,
at different steps in the procedure will be dexeribied below,  As a control, physiologi-
cal salt solution (0.83 per eent NaCl) waz added in similar amounts at the corre-
sponding time.

a. Effect of cysteine on cougulation with varying dilutions of prothrombin.
Frona solution of prothrombin which gave a coagulation time of 1 minute,
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varying dilutions with physiological salt solution were made.  To tubes
containing ealcium and tissue factor, 0.4 cc. of cysteine in concentrations
from 0.32 M to 0.04 .M followed by 0.2 ce. of the prothrombin in a series of
dilutions in physiological salt =olution were added and allowed to stand for
10 minutes before the addition of fibrinogen.  The coagulation times, given
in figure 2, are inereasingly prolonged in the tubes containing 0.16 und 0.32
M eysteine, with an accentuation of the curve in those tubes with high
concentrations of cysteine and more dilute prothrombin solutions.

TABLLE 1
Effect on coagulation time of cysteine added before and afler thrombin forinntion

Calcium chloride sol. (1 per eent) 0,01 ee.; platelet suspension, 0.02 cc.; prothrom-
bin sol., 0.2 ce. eyrteine hydrochloride (neutialized) in varying concentrations and
0.8 ce. fibrinogen solution were employed.  In a eysteine was added before the pro-
thrombin, in b eysteine was added 10 minutes after the prothrombin,

MOLAR CONC. CYSTEINE
CONTROL!__ _ . . .. et e o e o 4
00 | 00 ! 003 | ous : 0.3 | 0.6
a. Cysteine added before thrambin t
formation. Coag.time (mins.).,| 4 4 7 24 il 167 | 600
b. Cysteine added after thrombin
formation. Coug. time (mins.). 4 4 ' 4 6 | 7 17

TABLE 2
Effect on coagulation time of varying periods of thrembin formation tn the presence of
wing p I A

cysleine
COAGULATION TIVE
o -i;iod of thrombin formation fmin.) T
6 |10 15|20 || 6 120 ws0]z20 300
Control (see) o oo 60 ('M: 6+ 33 60 55| 60
0.04 A cysteine (see.) oo oo 60| 55 60 GO 65 60 6 I
0.3G M cysteine feoe)ooo oo 85 & 10N Ilﬂ‘ 340|150} 10| i
V.32 M eysteine (see) oo 370| 320, 310, 425} 425} 410 355 ,
0.64 M eysteine (min.).............. 117) 216, 2o xsu[ 326 180] 100] 133 190] 215

b, Effecl of cysteine on coagrlation when wdded at different phases of the
cougulation process.  Table 1 shows the marked difference in the effect of
cysteine when added at ditferent phases of the eoagulution process. 1
thrombin is allowed to form for 10 minutes before eystcine is added, tie
inhibition of coagulation is relatively slight compured with the considerabl
delay in clotting oceasioned by the additian of cysteine before thrombin
formation, i.e., when eyvsteine in 0.32 aud 0.4 molar concentrations was
udded before throwbin formation, the cosgulation times were 167 and 600
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minutes, respectively, as agninst 7 and 17 minutes when the eysteine in the
ame coneentrations was added after thrombin formation.

c. Effect on cougulation time of varying periods of thrombin formativn tn the
presence of cysteine. Caleium, tissue factor, eysteine and prothrombin
were allowed to react for varying intervals of time before the fibrinogen was
added.  The results, given in table 2 show that the maximal inhibition of
coagulation was obtained within 5 minutes and that no additional thrombin
was formed during the following 2 to 3 howrs,

TABLE 3
Effect of cysteine on thrombin
Two-hundredths cubic centimeter 1 per cent CaCly, 0.4 cc. prothrombin sulution
and approximately 2 mgu. desiceated rabbit Jung, allowed to stand 10 minutes.
Pour-tenti o +wic centimeter of 0.64 M cysteine was added followed by fibrinogen
after varving periods. The control tube, in which the cysteine solhitions were re-
placed with physiological sult solution, clotted in OU seconds,

TIME RETWEEN ADDITION OF CYSTEINE AND
FINRINOGEN (MIN.)

s 10 15 20 w | o %
Cougulntion time (see) ... 210 | 305 [ 335 | 516 | 570 | 705 | O45

TABLE 4

Effect of various substances vn coagulation time when added to the system before and
afler thrombin formation

CONTROL MOLAR CORC.
* 0.04 0.08 0.18
a. Added before thrombin forma-
tion:
Cysteine (rec.). . ........... 75 95 160 23 360
Ascorbic acid (sec.)......... 95 ah 85 95 95
* Phenosafranine (sec.).......1 120 |' 120 125 120 120
Taurine (zec.).. .. .. P 00 05 95 100 95
Taurocholic acid (see). .. .. 85 3 hrs,
Taurocholic ncid (sve). . ... 85 3 lus.
b. Added after thrombin forma-
tion:
Taurocholic acid (sec.). .. .. 100 450 20 min. | 43 min. | 76 mnin.

d. Effect of cysteine on thrombin for varying periods, as indicated by coagu-
lation time. Thrombin wus allowed to form during the usual 10 minute
period. Then 0.4 ce. of 0.64 M cysteine was added, followed by fibrinogen
solution at varying intervals from 5 to 90 minutes (table 3).  The slight
inhibiting effect on coagulation hecame constant after about 30 to 60
minates,
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e. Effect of various other substances on coagulation before and after thrombi'v
Jormation.  Ascorbic acid and phenosaphranine, two compounds with
reducing properties comparable to those of eysteine, produced no effect o
rate of coagulation, as scen in table 4. Taurine, added to the coagulatior,
system set up with isolated components, had no effect, contrasting with th.-
marhed effect produced when added to whole blood.  Taurecholic acid,
however, showed a more powerful inhibiting action than ecysteine when
added before thrombin formation, no clotting taking plaee when 0.08 M o

TABLE i
Effect of eysteine on platelets (Lissue factor)

Platelets obtained from horse plasma was subjeeted to eysteine or cysteine and
CaCly according to the procedure below. Control tests were made similarly witl
physi. gieal salt replacing the cysteine.

(a) 0.5 ce, platelets + 1.0 ce. 0.64 M cysteine.

(b) 0.5 cc. plutelets 4- 0.23 cc. of 1 per cent CnCly + 1.0 ce. 0.64 .M cysteine.

(c) 0.5 ce. platelets + 1 cc. physiological salt solution.

(d) 0.5 cc. platelets 4+ 0.25 ce. 1 per cent CaCls + 1 ce. physiolagical salt solution.

The platelets were recovered free from eysteine and 0.02 ce. used in coagulation
tests as in the routine procedure.

i PLATELE(N RECOVERED FROX
!-H:“ I b ¢ 1 a
Coagulation time (seec.).... ... ........... .. ! 70 ‘ 73 I i 65
TABLE 6

Effeet of cysteine on fibrinogen and prothrombin as indicated by the cocgulativn time

(8) Fibrinogen and (b) prothrombin treated with cysteine und recovered. Co-
agulation tinie by the 8 imm. tube method.

COAGULATION TIME
Molar cone. cy«teine
«ONTROL NaCl |- —

016 032 | ose
Fibrinogen (sec.). . ... .. . 40 49 a0 30

Prothrombin (seel) ... . ... .. 80 305 28 min. | 540 min.

greater concentrations were added. It also affeeted the rate of clotting
when added after the thrombin was formed, though the effect was far less
than-before its formuation.

f. Effect of cysteine on the individual components of the coagulation system.
Five-tenths cubie eentimeter of platelet suspension and 1 ce. of 0.64 M/
eysteine were plieed together for 15 minutes and centrifuged to recover the
platelets.  The latter were repeatedly washed with physiological sal:
solution and centrifuged until free from traces of SH.  In a similar manuer,
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let suspension phus CaCl, solution was treated with cysteine and the

plute
In table 5 it may be seen that platelets <o treated

platelets recovercd.
were as effective as control platelets in producing coagulation.

Samples of fibrinogen were subjected to concentrations of eysteine from
0.16 to 0.64 M for 10 minutex, yeprecipitated, washed free from fraces of
<1, and taken up in buffered physiological salt solution. The results
(table 6) show no effect on the fibrinogen as indicated by the congulation
No appreciable gross difference in the precipitate was detected.
When prothrombin wias similarly treated, however, the delay in congulation
was marked and was direetly proportional to the concentrations of eysteine
(table 6); ‘There was n slightly greater yiekl in the contral and in the
lower coneentrations of eysteine, but there was no apparent varianee in the
charaeter of the precipitate.

A sample of rabbit plasma (citrated (0.5 per cent) blood) wus added to
(wice the amount of 0.64 cysteine, after which the prothrombin was
extraetéd in the manner deseribed above. This prothrombin failed to
ause c{bnmﬂutimx in 6 hours, although the control, treated similarly with
physioldgical sall, gave no greater yicld of precipitate, but caused coagula-
tion in‘the noral range of time.

As 4 further control prothrombin was subjected to a 0.G4 M concentra-
tion of sodium hypophosphite, with no inhibition of the coagulation time
over the control of 1 minute.

]Il"f In vive experiments tn human subjects. a. Methivnine. 'I'he effeets
prodiiced by the ingestion and intravenous injection of methionine in 2
human subjects are shown in figure 3. For the intravenous adnini tration,

1.3\1' gram of methionine was dissolved in 50 ce. of water, buffer«d to pH
7.0 4 0.1 and injected into the medinn basilic or cephalie veins durving 2
minutes.  The bleeding time was determined by the method of Ivy
(lvy, Shapiro and Melnick, 1935) and the coagulation time by the 8 mm.
tube method.

In both intravenous tests, depicted for the two subjeets in curves 4 and
B, the congulation and bleeding times were definitely prolonged, although
the latter was less marked in the case of B, The eficet on the coagulation
time continued almost twice as long as on the hleeding time. Curves
1epresent the effeets of ingestion of 1.31 gram of methionine and curve 1),
the effeets of ingestion of 3.35 grams. Following ingestion of the smuailer
aont, the duration of the effeet was about the same for the blecding time
as for the coagulation time.  After ingestion of the 3.35 grams, the curve

vose higher and wis more prolonged than after the ingestion of 1.31 grum.

b. Cysteine. One and thirty-one hundredths gran of cysteine hydro-
chloridein 50 cc. of waterand neutralized tonbout pH 7.0, wasinjected intra-
venously in one fasting subjeet and o similar anount ingested by a ~econd.
The results are shown in figure £, The Jvy bleeding thne was inereased in

rate,
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both cascs, rising more abruptly and falling more quickly following injec-
tion than following ingestion. The coagulation time remained within
normal limits in both instances.

At intervals during the experiment, the coagulation time was determined
in the presence of varying concentrations of cysteine (table 7). The usual
inhibiting effect on coagulation of added cysteine was much less marked
in those cases in which blood was taken at 27 minutes after ingestion and
20 minutes after injection as shown in the table, than when taken at the
beginning of the experiment or at a later period. The “buffering effect”

16,
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Fig. 3. Effect of ingestion and iutravenous injection of methionine on blecdinyg
time and coagulation time. Upper set of curves, Ivy bleeding time, lower set, coagn-
lation time by the & mm. tube method. Curves A and B, intravenous injection of
1.31 grams methionine; C, ingestion of 1.31 grams; D, ingestion of 3.35 grams. A and
D on the same subject, B and C on a second subject.  Abscissae, hours after adminis-
¢ration. Ordinates, bleeding and coagulation time, respectively.

coincided with the period of greatest prolongation of the bleeding time.
(See fig. 4.)

1V. Discussion. The experimental work shows that cysteine and
methionine in vive and cysteine in vitro exert a marked effect upon the
mechanisin of coagulation. The effect ix mainly upon only one factor of
the coagulation system, prothrombin.  The change in the nature of this
protein is proportional to the amount of cysteine added, although no loss of
SH could be detected in the supernatant liquid after reprecipitating out the
prothrombin.  Morcover, the effeet appears to e a qualitative one, for
the quantity of prothrombin recovered after addition of eysteine to
prothrombin solution, is grossly equal to that of the control precipitute.
The presence or absence of the eysteine, once the nature of the prothrombin
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has been affected, bas little or no action on the mechanism of coagulation,
since fibrinogen is unaffected and thrombin only slightly inactivated.

The nature of the action on prothrombin has not been dctermined.
Sodium hypophosphite did not inactivate prothrombin, and ascorbic acid
and phenosafranine, the latier especially having oxidation-reduction
potentials closely similar to that of cysteine, produced no effect when
added to the reassembled isolated components. It seems hardly probable,
therefore, that the effect of eysteine is due to its reducing action. Its mode
of attack is certainly different from that of taurine, which causcd no delay

Bloeding Time (lwe)
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) AT e 80 o 130
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Fig. 4. Effect of ingestion and intravenous injection of cysteine on bleeding time
and coaguiation time. One and twenty-one hundredths grams cyateine hydro-
‘chioride (neutralized) ingested nnd injeoted in 2 different subjects. Abscissae, time
in minutes after administration. Ordinates, bleeding and coagulation Limes, re-
spectively.

when added similarly to the reassembled system. Taurocholic acid, on the
other hand, though far more powerful in its inhibiting action, resembled
cysteine in that its effect, when introduced before thrombin formation,
greatly exceeded that produced when added afterwards. It is difficult to
visualize any chemical action which could be possessed in cominon by
cysteine and taurocholic acid. In view of the widespread interest re-
cently developed in the relation of sulfhydryl to various enzyme systems
and in the denaturing of proteins (Mirsky and Anson, 1934) it would be of
interest to determine if a change in the number of sulfhydryl groups has
oceurred in the prothrombin,

TMB AMKRICAN JOUMNAL OF PNYMOLOGY, Vou. 117, no. 1
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These studics would confirm tbose of Carr and Foote suggesting thut
cysteine may be a responsible agent in the production of the hemorrhugic
tendency in joundice, but would indieate the defect in the formauon of
thrombin from prothrombin rather than in the fibrinogen factor suggcested
by them. Ina preliminary experiment with a jaundiced patient the isolated
prothruml)in cave a prolonged coagulation time over o control hmthrom~
bin. Bt in view of the powerful inhibiting action of taurocloliv aeid,
under conditions similar to that shown by cysteine, it would be dlﬂxcnlt
to separate these factors in jaundice.

While both the bleeding time and the coagulation time were prolouged
abnormally in most instances following the administration of cysteine and
methionine these deviations from normal did not always correspond.

TABLE 7
suffering effert o) normal vlood teward coagulation- -inhibiting action of cusleine:
a. After ingeation of 1.81 grams o, cysteine, and b, after inlravenous injection
of 1.81 grams cysteine
Cougulation time expressed in minutes

MOLAR CONC. CYSTEINE
CONTROL

0.08 .18 0.32
(a) Aftm ingestion

] ofasting . . ] 3 17 HW

2 T MmN e 9 12 16 11

3 Yhr. ... e 7 11 21 75

. 4 Thr.38min.. ... .l 10 29 38 7.
(b) After injection

1 fusting . ... 10 15 “3 5

2 0 min... .. i 7 8 9 Y

3 S0 min.... e i 10 14 40

4 The.2omin. ... O 15 26 54

In figure 3, experiment B, the bleeding time following the intravenous
injection of methionine is but slightly inereased, in contrast to the marked
variation from normal as seen in .4 under similar conditions. The cor-
responding coagulution time curves in these two experiments were almost
identical. The results, in figure 4, show an abnormally pxolongod bleeding
time. In other similar experiments, not shown, the bleeding time was
similarly high, and there was also a considerable increase in the coagulation
time. . Ivy, Shapiro and Melnick (1933) suggest that “prolonged coagula-
tion time in jaundice is not so much an index of bleeding tendency as of
liver damage.” The work reported above seems to indicate that disturb-
ance in sulfur-amino acid metabolism, without necessarily involving liver
damage, may be responsible for a delayed coagulation time as well as
prolonged bleeding time.
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The effect of methionine @ vive is in sharp contrast to its behavior i
witro.  In experiments of the latter type, there was nn delay in congulation
with final concentrations of methionine up to 0.09 3, whereas following e
administration of methionine to the human subjeet, with an estimated
final concentration in the blood stream of 0.0016 M, there was a delay in
the coagulation time to 12 to 16 minutes. A bleeding time, taken 10
minutes after the intravenous injeetion of 1.31 gram, was almost twice the
value of the upper normal limit; the coagulation time, done about the same
time, =~ normal but reached definitely clevated values after an hour.
Yo e oo densethylation of the 8-C1I; grouping (i.c., production of
homocysteine) to bring about the coagulation delay, or has the methionine
stimulated the release or production of some other substance (i.e., cysteine)
to effect the change?

SUMMARY

1. Cysteine, taurine and taurochohie acid, added to whole blood, delay
coagulation.

2. The action of cysteine in inhibiting coagulation is on prothrombin,
preventing activation to thrombin,  Tissue factor, ealciuni, thrombin amd
fibrinogen are little or not affected by it.

3. Ascorbic acid, phenosaphranine and sodium hyvpophosphiwe do not
gshow any iphibiting effect under the conditions of these experiment-.

4. Cysteine and methionine, administered orally and hitravenously in
the human subject, prolong both the bleeding time and the coagulation
time.
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Connnrative rescarcech on the elimination of ru s
o-ministered intravenously and subcutaneously.

I

A) Much i lrnow: cbout the elimination of drusc.
For evamnle, it Is known that volatile substances lcave
thic organism throurh the lungs, that non-volatile sub-
stenices are mostly eliminated throurh the idneys; that
some. like heavy metals, are electively eliminated through
the mucous mewbrane o the lorpe intestine., Not a few drugs
are eliminsted throurt the bhile, othurs throurh the sol-
iva; the locha Tands. the skin., the wmemmary glands
Aarc coomnel., ToT eliidsoudon.

But while this Imowledge is now certein, wnile we
‘now precisely the elininction of vari»-us drugs through
channels that wry o colled elective, there is a lack
of compnrntive resaonrciica on the influence of the method
of «dministrotion upon the ellmination of drugs.

This i35 a wide field that deserve~ deep study becalsc

of ditso immortance.

I limited my stndy to the influence of intraveuous
or subcotoneous admiaistration on th: ouantitative elim-
inotion of druges.

The invortaice of this problem today is very preat,
considering that intravencus administration of crugs is
hecomin nore and morce widespread. The reason why current
therany foliows this direction is clear 1 f we consider
thet the intravenous injection of a drue brings 2 veally
consgpicuous auantity into circulation rapidly, so that
tiie concentretion of the drug ecirculating i n tho organisw
is much grentcr than that obtained when the drus is ad-
ministered Ly any ottt r methiod. When. for exarnle, & drug
i ~dmiviagtered subeutanecusly, or gastricnlly, it reaches
thi¢ blood a little =t a time, ag it is gradually absorbed,
but, as socon as it io in circulation. the organism tends
to expel it through the elimination channels. The con-
centrat on of the drug cble to produce the pharmacologic:1
nr thersneutic action 15 given by the differencc between
the quentity of the drug that ent rs the bleod and the
quantity that is eliminated. Instcad. by intra-cacus inject-
ion, tno wiol masc o the drug that must act . Lro o Lt
l.to civevlntion, and the climinoetion, that besins immed-
iately, connot be such ac to reduce, in most cases, the
corcentration of the drug as it happens in the casc of
sub-entencous or gseastric advinictration.
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There is en exception to this rule when we inject
into the veins drugs that, as soom es they arrive 1n the

blood, are rapidly transformed into velatile preducts,

In such esse, we may obtain two types of consequences:
either the velatile preduct relessed by the drug has liti'e
toxicity and is rapidly eliminated through the respire-
tory orgens (such as sodium cacedylate, traneformed inte
essodyl, rapidly elimineted By the lungs), er the vei-
atile product is highly toxiec snd rapidly kills by act-
ing upon the vital centres (sush as celloidal sulphur,
rapidly srensformed into sulfureted hydrogen, of extreme-
1y high texieity).

B) Prom thewe preliminary remarks there erises e
problem that has not yet been taken inte consideration:
does the elimination of drugs sdmimistered intrevenously
take place morc —-»idly than when the sudbocutsmecus me-
thos is sé L¢ea, or the gastric method? Is the smeunt
of the drug that is eliminated the 'dame or differeat?

Before undertaking s study of the literature on
this problem, let us solve the question theoreticelly,
on the basis of what present kmowledge teaches us, When
we inject a drug imto the veins, the drug, unless it is
a substence that exerts its setiorn upen the dlood, 1is
fixed in all the tissues of the orgsnism, end probabdly
better and in a larger amount im these ergens upon whieh
it aets electively. It is prebadle that the drug is clso
fixed in the orgene that eliminate it, imhibits their
gotion and then its eliminatien does not take plsce as
rapidly as when it is introdweed by ether mothods of ed-
ministration. It may be that, in prasetiee, both sases
ocour: that iz, that eertain drugs of little toxicity
actuslly stimmlete the ergans echarged with their elimime-
tion, so that a very rapid elimination follows, ®u# the
oprosite may also be true. It is clear that emly experi-
ments on snimals cem provide the selutionm of this pre-
blem.

C) Before beginning the study of the subjeet, iy
is useful to exsmine the literasture eoneerning 1it,

I do not knew of researches ecarried out for the
parpose that I hed in my experiments, but I have seen
some works that msy be considered close to them.
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Thus, for exsmple, JENSELME (1) found arsenic in
the urine ene hour after sn intravenous injection of

“606" and demenstrated its presenee for 4 more days,
while follewing an intramasewlar injection of the seme
drug, he instesd found arsemic in the urine in the 3-6
deys after the administretion,

MOREL obteined similar results.

GALONNIER (2), following sdministration of "selfe-
arsenclo”, feund that, if the intravencus method is used,
the elimination of the ersenic takes place in ths first
hours after the introductien of the drug, while, if the
method of sdministration was intrammesenlar, the e¢limi-
natien of the grsenic lests for 2 days. I slse recall
the experimental researches on some biemmth preparatiens
carried ou?t by "YRANTONI, whe feund thet in mea dismmth
beg.re to * o.iminasted in a period renging dbetween 4
and 20 hours after injection of the drug, if the ende-
muscular methed is used, while the presemce of metal
is found in the urine even after ene and 3 half hour
when usin the intravenous method, Abserption and eli-
mination therefore preeecd im step, very rapidly with
intravenous injection, less rapidly with irtramusculasr
injection,

All these researches are qualitative., The most im-
portant experiments, fren my viewpeint, are those gen-
duoted by TBSTONI, (4) (5), whe underteek s comparat’ s
examination of the quantitative elimination of “"espire-
chyl® and "solarsen”, sdministering bdeth drugs intra-
veneusly snd subdboutaneeusly.

In the experiments with “sepiroehyl®, he observed thet
when the methed of sdministratien is intravenous, sr-
senic is oliminated in greater ameunt and mere rapidly
then when the methed of sdmimistratioa is subentaneous:
in experiments with "selarsen®, en the centrary, he ob-
served that arsemic passes threugh the remal filter im
greater ameunt and more rapidly whea it is intreduced
subeataneously tham when it is injeeted inte the veins,

These fow data odbtained so far emn this questien
show such incensistent resulss thet they clearly de~
monstrate that it is not yet possidle te determine the
rule goverming the relstionship between absorption and
elimination of drugs depemding on the method of intro-
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duction and thet o experiments coveri
o% Xrugo will go ag%{ topzlar ) 4 thgc 1n%§r:s‘t§g.p;%:b.r

blem.
1. - EXPBRIMENTAL RESEARCHES

: As I had to conduct socurate comparastive researches,
1 chose three drugs of 1little toxicity, heving a limited
1ocel effect, that sre rapidly sbeorbed even after sud-
cutaneous administration. They sre: sodium hypophosphite,
potassium iodide, sodium salieylate,

A, - Sodium hypophosphite

This drug, as is known from 0ld snd reeent researches,
passes through the organisam without modifications end
18 nearly enwi- _ Pound in the urine (6-7-8),

In oravr to dose it in the urine, I transformed it
by oxidation into phosphates, Several methods are aporo-
priate:

1) Oxidetion by means of HNOp;

2) Oxidatioa by mesns of KC10, end HCL,

fhe best results are obtained with the second method,
I used highly pare hypophosphite and, bdeasuse of its hy-
groseopioity, I prepared s solution of it and sitreted
i1t every time before using 1t;

After sdministration of sodium hypophosphite to s~
bits, I colleeted the urine, acasured its volume aud then
took two egqual amounts.

In the first, I desed phosphorie snhydri@e directly
by mesns of a titrsted solution of ursayl seetate, ao~
cording to the well-known rules; T oxidised the second
portion and then dried it in s double boiler; after die~
solving the residue in distilled water, I scidified the
aixture with seetio ecid end potassium scetate, then
detexnined the phosphoric snhydride that wes present with
the ureny. wolution. The 2ivet determination showed the
quastisy of phosphoric snhydride dus to the phosphates
pre-existing in the urine; the second showed the phos-
phoric snhydride of the pre-existing phosphates pPus
thet due to the oxidatioa of hypophesphites, The aif-
ference bdetween the figares obtained in the two deter-
ainations represented the phosphorie snhydride of the
phosphates produced by the oxidetion of ths hypophosphltes,
that were elimimated without alteration,

fwo bDlank tests condueted bdefore the experiments on
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animals yielded the follewing resultis:
1) out of g 1 of hypephosphites, I feund g. 0,984,
that is 98,4%,
2) out of g. 2 of hypophosphites, I found g, 1,966,
that is 98,3%.

After I had a good method for measuring hypophos-
phites in the urine, I proceeded to the experiments on
rabbita. The results of the experiments are reported in
table I.

B. - Experiments with potassium jodide

a) Iodides sre very well-kmown druge, in commom use
in the practice of medicine (9-10). Prom the mumerous
researches conducted on the absorption and eliminetion of
iodides, it appeared sertain thet these easily soluble
salte, are r=;.ui’ sbsorbed by the gestrointestinal or-
guns, dispersed in the organisa snd ther very rapidly
appesr in its various secretions, Thus, iocdides were
found in saliva 7-12 mimutes after ingestion; in urine,
3-13 minutes later.

Bxperimentsl researches demonstrate that they are
mostly eliminated through the remal emanctory; but it
is also very well known that a certain part remaine in
the organism,

In past years, the question of absorption end eli-
mination of iedides decame of great practical interest,
especially beceuse of the studies and resesrches by
SCHLAZERS and TAKAZASUS, in order to determine a eli-
pical test of remal funetions,

SCHLAZERS and TAKAZASUS believe that, while the
eliminatien of g. 0.50 of potassium iodide normeslly
tekes a constant time of 54-60 hours, the time of eli-
mination is greatly prelonged by remsl insufficiemey;

With respeet to the smeunt of iedide thet is eli-
minated, it sppears frem SALAZAR's (11) experiments
that, depending en the dose that was sdministered, be-
tween 83 amd 96 pereent of the salt thet was introduced
is found in the urime, and specifically that the elimi-
nation is weeker with a smeller dose, while with larger
doses the elimination is grester; this is also the re-
sult of experiments conducted by BURHHOLTZ (18).
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The lstter dealt in partieular, in e series of re-
gsearches, with the iodide content of the blood, follow-

ing theis ingestion, and resched the following conelu-
sions:

a) After the administration of a greater quantity
of poteassium iocdide, the jodine percentage in the blood
rises sharply in the first hour and reachee its pesk
2-3 hours after the administration,

b) The blood iocdine concentration is directly and
constantly related to the quentity of iodine conteined
in the organism.

¢) If fractional doses of EI were administered du-
ring the whole day, the blood jodine concentration would
rise after each sdministration, then slowly decrease,
When a constant concentration is required, it is thus
pecessary to ad. luter very small fractionel doses du-
ring the wiiole day.

d4) Most of the administered jodide is elimineted
through the urine, where 9/10 of the quantity that was
administered are often found,

I am not considering other researches on this sub-
ject because they are not elosely related -to my work,

B, - METHODOLOGY

The method that I followed in the gquantitative re-
search of iodides in the urine of rabbits, following
administration of highly pure KI beth intravenously snd
subeutaneously, is that of BESNIER and PERON, who de-
soribe it as follows (13): 50 ec, of urine are alkelized
with 5 cc. of a saturated solution of sodium earbonate,
then evaporated, shotdey:srdeidue is carboniged, then ex-
hasusted with boiling water. Crystals of potsssium per-
mengenate are slowly added to the resultimg solution,
that is brought to and kept boiling for some minutes,
until a violet color remains, By boiling the alkaline
solution together with potessium permangsnate, the io-
dédes are oxidised into f{odate according to the equation:

KI + Ilno4 + 320 = KIOy + 2ln02 +2KOH
Destroy the premangsnste in excess by adding s few

cc. of aleohol to the hot 1iquid, Thus the perasngsnate
4{n alkaline solution is first reduced to manganate and
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jater to manganese dioxide, that is deposited in the form
of a brown powder, The iodates are not influenced by
this reduection,

After filtering, the precipitate of menganese dio-
xide is seperated and aceurately weshed with hot water,

5 cc, of HC1 and 5 ec., of a 10¥% solution of KI
without iodates are poured, after coeling, into the fil-
trate and the washing water., Then the releassed iodine
is titrated with N/10 hyposulfite, using starch water es
indicator:

K103 + KI + 2HC1 = HIO3 + HI + 2KCl
SHI + HIO3 = 3H20 + 3I2
Io + 2Na28203 = 2Nal + Na28406

It is cle:. ..zt "this method essentislly oconsists
in sransfc..ang iou.de into iodate by oxidation with
permenganate in an slkaline environment, end then in
releasing the iodine from the iodate, by adding KI so-
Jution after scidifying the liquid®,

As it appears from the equation reproduced above,
only one of the six iodine atoms that sre released is
due to the iodete originating from the oxidation of
the iodide; therefore the results obteimed in the titra-
tion must be divided by six,

The results, however, are excellnt, as shown by
the blenk tests that I conducted, That I briefly sum-
marizet

1st test: g, 0.10 of KI added to cc, 50 of urine:
found g. 0.0986, that is 98,6%;

2nd test: g. 0.20 of KI sdded to ¢, s,t found g,
0.1992, that is 99,.6%,

C. - Bxperiments with sgodjum ssliocvlste.

s) Salieylic preparations, as is well kmown, have
been widely used in therapy for many years becsuse of
their antipyretic and antineurslgic influence, their
spescific influence in rheumstic diseases, their sction
upon metabolism and 80 on.

These preparations, if sdministered in excessive
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lomses or over too long s period, may csuse the oceurrence
of toxioc phenomena, such as hon&noho, ear bugsing, cardio-

palmus, vertigo, delirium, and mey even reach, with toxic
doses, @ comatose phase,

Portunately, poisoning is very rare becesuse these
druge are rapidly eleminated through the kidneys, as de-
monstrated by the experiments by Brouardel, who noted
that elimination ie more rapid in the early youth, slow-
er in adults, and considerably reduced in old people,
because of a more or less advenced renal sclerocsis,

A quantitative determination of some saelicylic pre-
parations in the urine was carried out by Magil (14), who
found that, after administraetion of sodium salicylate,
between 80 and 90 percent of the ingested ecid passes into
the urine,

Many ocher Autanors deait instead with the transfor-
mations that salieylic acid undergoes inside the organism,
end maintained that this eeid in the human body is mostly
combined with glycoenlY, forming salicylurie acid, that
as such is eliminestea through the urine, together with
the part of salieylic acid that does not undergo this
trensformation.

Three experiments that U, MOSSO (15) carried out ..
himself showed that, after ingestion of sodium salicr.. e,
precisely in the amounts of g. 1,914, g. 3 teken in 3 doses,
and g, 3 taken in one dose, g. 0.3775, g. 0.3850 end g,
0.5280 of salieylie acid respectively were found ir the
urine, as compared to g. 2.3550, g. 3.5650 snd g. 3.4320

of salicyluric aeid,

The same Authow; after oral administretion of g. 4
of sodium salicylate,divided among 4 doses ever 24 hours,
to dogs, extraeted from the urine g. 2,7750 of salieylic
acid and g. 1.8250 of salicyluric aecid,

In contrast with MOSSO, whose results are after all
1ittle different, because the salicylie acid that he ex-
tracted from the urine was 1/5 (1st exp.), 1/7 (2nd exp.),
1/5 (3rd exp.) of thet introduced, STOCKMAN €16) obteined
widely fluctuating values: once he was able to extract
one half of the administered salieylic acid, in other
cases quantities ranging between 1/2, 1/8 and 1/20 of
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the ingested acid. He was unable to identify which con-
ditions cause the combination of salicylic ecid with gly-
cocoll to very; he was only able to convinee himself that
normally the quentity of salieyluric ascid is much greate:
than that of selieylic acid,

G. POUCHET (17) reportsithat, after administration
of salicylic aeid and sodium salicylate, salicyluric a-
cid represents 2/3 of the acid that is eliminated, the
remainder being constituted by sodium salieylate, potas-
gium salicylate, salicylic aldehyde, etc,

Phese discordent data demonstrste that nothing 1is
known concerning the causes that inflience snd regulate
the formation of salieyluric aeid,

Examining the results obtained in his experiments,
BALDONI (18) ar.  the eonclusion thet, when salieylie
ac1d and suuium saiicy.ate are administered orally, the
formation of salicyluric acid in the organism is facili-
tated, The elimination of this acid is slso considersbdle,
Moreover, part of the salicylic aseid 1is not combined
with glycoecoll anc is expelled through the urine in the
form of slkaline salicylete; there is no conatant ratio
between salicyluric acid and salicylic aoild thet are
elimineted; however, salicyluric aecid appears constant-
ly in a much greater quantity.

I omitted all research concerning the form of eii-
mination and only determined the quantisy of salicylic
acid eliminstad through the urine,

T used LAGRANGE's method (19) that can be briefly
summarized as follows:

“If bromine water in excess is added to a liquid
containing sslicylic acid, there is formed @ precipitate
constituted by tribromophenocl bromide,

"By titrating the excess bromine that remains free
after the precipitation of the bromated compound, we cen
calculate how much bromine wes consumed in the formation '
of thie tribromophenol bromide; from the resulting quanti-
ty, by a simple caloulation, the corresponding quantity
of sslioylic acid is found"”,

The following solutions are needed:
1) Bromated water, whose titer must be determined
every tinme.

2) An F/10 solution of sodium hyposulfite.
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3; A 10% solution of KI.
4) Recently prepared starch water.

Before each experiment it is neces:ary to titrate the
brometad water., For this purpose, KI solution in excer.

is taken and put in a bowl with s frosted glass stopper.

A certain quantity of bromated water is then taken with

a pipette and, with csution, is poured into the bowlj;

the bowl is closed with the stepper and vigorously sheken,
The well-known reaction then taskes place and a quentity
of iodine corresponding to the bromine that was nour=d

is released.

2KI + Bl‘2 = 2KBr + Iz

An K/10 hyposulfite solution, 1 cc, of which is e-
quivalent to g. ™ 71127 of iodine and g. 0,0018 of dbro-
miro, i8 r° .eu froo a graduated burette, drop by drop,
inco the liquid, until the liquid maintains a weak yel-
low color. A few drops of recently prepared starch water
is then asdded and hyposulfite poured again until the
blue color disappesrs. Prom the number of ce, of K/10
hyposulfite thet were used the quantity of iodine, and
thepefore of bromine, contained in the bowl is immediately

deduced.

After titreting the bromated water, some accurstely
measured excess bromated water, of whibh the titer is
dnown, is added to the liquid in which salieylic acid
must be messured, that is placed in a beaker; a more or
less abundsnt precipitate will be obtained., When no more
precipitate is formed and the liquid sbove the precipit-
ete assumes a yellowish color, an excess 10% solution of
pure KI is poured, shaken as described gbove, and then
N/10 hyposulfite solution is poured very slowly from a
greduasted burette, until the liquid mesintairs a wesk
yellow color. A few cc; of starch water are then added
and hyposulfite is poured agsin until the blue color dis-

appears,

Then the quantity of tribromophenol bromide is de-
duced from the quentity of bromine, and hence the quantity
of salioylic scid, keeping in mind that:

a) 1 g of tribromophenol contains g. 0.7804 of bromine;

b) 1 g. of selicylic acid corresponds to g. 2,971 of
tridromophencl bromide,
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After many completely successful blenk tests, that
persusded me of the soundness of the method, T proceed-

ed to the researches on urine, I 4id not operate on it
directly, because that produces more that negligible
sourcea of error: instead, I performed repeated ex-
tractions from the urine, acidified with sulfuriec acid,
by mesns of ethyl ether, taking care after each extrac-
tion to wait for some time so thet the ether would be
completely separasted from the urine,

I collected the varioua elher extracts, evaporated
the ether in a doublw boiler, took the residue with we-
ter seidified with sulfuric acid and on that I titrated
salieylic acid aceording to the method described above,

I reported the results of the experiments carrie ' out
with sodium salicylate in table II,

CHAPTER III
EXAMINATION OF RESULTS,

A, - If we consider the experiments carried out
with sodium hypophosphite (Table I), we see that they
are composed of two groups that differ with respect to
the dose, I injected two animals with the dose of g, 0.5
per kg., one intrsvenously, the other subcutaneously,

?wo other animals were instead subjected to the injection
of g 1 per kg., one intravenously, the other subcutaneous-
ly.

The conclusion that can be drawn by the two series
of experiments is the following:

a) The amounts of drug that are elimineted, after
jntravenous and subcutaneous edministration, do not great-
ly differ,

b) By injecting 50 eg. of hypophosphite per kg. either
jntravenously or subcutaneously, in both ceses a little
more that 81% of the preparation that was administered
is found in the urine and the elimination lasts three
days.

¢)By injecting 1 g. of hypophosphite per kg. with
both methods the amount of the drug eliminated afger
intravenous injection (1) is slightly greater tha® that
eliminated after subcutaneous injection (2); but the
differences are not such as to be especially noveworthy,
In both cases the elimination lasts three days.
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B - Prooeeding to the exsmination of the tables
eoncerning the experiments carried out with potassium

jodide (Table II),we immediately notice mach greater
differences in the elimination of the drug introduced
by the two methods, namely we notice:

a) The smount of drug that was eliminated was al-
ways greater whem I used the intravenous method,

b) When I administered og. 5 of KI per kg. the e-
mount of iodide eliminsted after intravenous sdministration
was 92.21% of that introduced and the eliminstion lasted
four days; when I administered the seme dose per kg, sub-
cutaneously, the smount eliminated was 66.40% as com-
pared to that administered and iodine could be dosed in
the urine until the fifth day.

¢) When I edministered 10 cg. per kg. the intrave-
nous elimination was 92,40% of the injected drug. After
subcutaneous sd~*-istration, it was only 82,48%; in both
casas, the preparuiion could be dosed in the urine for
four dsys.

Pherefore, it appears thet, when the drug is ad-
ministered intravenously, a greater amount is eliminated
through the urine,

C. - Pinally, the experiments with sodium saslicylate
(Table II) show a behavior thst might perhaps be defined
as intermediate between that of hypophosphites and that
of iodides. Concerning this drug, it appears that:

a) By injecting either 15 or 30 cg. per kg. intra-
venously, the perwentage of salicylate that was eliminated
was approximately B4%,

b) By injeeting instead the same smounts of selicyi-
ate subcutaneocusly, the elimination was approximately
80-81% of the amount thet was administered, This actual-
1y means that after intravenmous injection a greater e-
1iminetion was obtained, but the inerease was not ex-
ceedingly high and at any rate very far from that ob-
teined with potassium iodide,

The eliminstion of amounts that can be dosed lasts
two days in both cases,

CHAPTER IV
CONCLUSION

It would be unjustified to draw from these experiments
general conclusion that could have the value of a law,
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However, these experiments point out a series of
reelly important facts, beceuse, besides establishing
with certainty some points, they open the way to new
researches.

fhe facts that were established are the féllowing:

a) There are drugs, such as sodium hypophosphite,
thet do not show constant differences, to which any parti-
cular value eould be attributed, in their elimination,
when they sre efkhaistered imtravenously or subcutaneous-
ly in equel doses,

b) Other drugs, such as potassium jodide, are actusl-
1y eliminsted in much greater amounts when an equal dose
is administered intravenously that when it is esdminiatered
subcutaneously. The difference between the two cases,
that is elwave .. .3iderable, may »8 important even with
sr.all doses,

¢) Finally, other drugs, such ess sodium salicylate,
are actually always eliminated in greater amount when
they are administered intravenously, but the difference,
while constant, is esmall. '

It is difficult to explain these variations in eli-
mination, The first idea that comes to mind is that,
when a drug is eliminated in smaller quantity after sub-
cuteneous gdministration, it produces a local effect &t
the place of application, whereby a greater amount 18
fixed in the tissues, retained inside the orgsnism and
later leiminated extremely slowly. Actually, a locel
action on the part of iodide, that can even reach the
point of seriously damaging the tissues (20), and aleo,
although through a different mechaenism, on the part of
sodium salicylate, cannot be denied.,.

Another explenation would coneist in admitting that,
when the drugs introduced subcutaneously are eliminated
in a smaller esmount than when aedministered intrave-
nously, there ocours a greater transformation of them
jnside the organism, while such transformation would not
take place at all if the druge administered by different
methods are eliminated in equal amounts, and would tske
place to a lesser extent when there is a smsll difference,
such as in the mase of sodium salicylate,

Now we lack most of the elements that may mske pos-
sible to support this interpretation. It is true that,
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in the case of hypophosphite, it is admitted that the
drug is not transformed inside the orgenism end is e-
1iminsted without slterations, but, concerning the be-
havior of salicylate, we know thet it is combined with
glycocoll, although we do not know how mach of the pre-
psration is eliminated without change, nor do we know
in which proportion this occurs in relation to the dose
that is administered,

It is clear thet, as long as we do not know pre-
cisely the behavior of salicylate, our reasoning lacks
a foundation,

Finally, concerning potassium iodide, for a number
of considerations and experimentslly demonstrated facts,
it is now admitted that this drug is split inside the
organism., The féllowing facts are submitted in supveort
of the scissisr  .:sts:

1) If we pass carbon dioxide through miodide aso-
lution in contact with vegetsble protoplesm that is
contused, iodine is immediately released, as can bde
demonstrated by common chemical methods (BINZ).

2) This phenomenon no lomger ocours if the vege-~
table protoplesm is boiled before the experiment (BINZ),
thus demonetrating that the presence of protoplasm is
not sufficient, but that it is necessaery thet the proto-
Plasm be alive,

3) CLAUDE BERNARD observed that after gdministrat+ion
of iodides to enimels, whem traces of iodine were no ion-
ger found in the urine, the elimination of iodides *through
the sgliva continued for mamy days, thus inducing him to
believe that iodides are decomposed inside the organism
and become part of orgsnic molecules that are broken up
a 1ittle af a time, so that the relesased iodine formed
a saline compound that could be eliminated through saliwa
secretion, .

4) 1t was observed that after administration of
jodides the quantity of iodine organically fixed in the
thyroid increases.(in the rabdbit, total thyroid iodine
content - mg. 0.12).

Therefore, it may be thought that, when iodides
are sdministered suboutsneously, they are fixed in a
mach greater smount that after intravenous administration,
although we have no direct proof in this respect. But it
may also be thought<hkhat, becsuse of the slow and gradual
ebsorption that occurs with the subcuteneous method, the
tissues that heave the function of decomposing iodides,

being in the ovresence of 2 smaller quantity of the drug,
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may better pserform their decom osing function., I repeat
that theseisre hypothesés, thet mast be confirmed by fur-

ther experiments.

What I believe I demonstrated is that drugs do not
all behave in the ssme manner, when they are administerasd
intravenously or subeutsneously in equal doses, After all,
also TESTONI's experiments with “espiroshyl" and "solsrson®,
although they had s different experimental purpose en’
were therefore incomplete from my viewpoint, lesd to
similar conclusions and assume a new velue after my ex-
periments,

It is certain that some drugs are eliminated in the =
same smount, regardless of the method of introduction;
others in slightly dofferent amounts, others againm in
extremely different amounts. It is certain that the pro-
blem is & very (. ..2x one, and that it includes the locsl
action of +.¢ arug o.a tae tissues and its transformations
inside the orgenism. Only many researches on this subject,
with the most diverse drugs, taking into account these
complex factors and attempting to solve them in the best
possible way, will iead to the discovery of a genersl law,

I am satisfied with having stated the problem and
brought a modest contribution to its solution,
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TABLE IV (SUMMARY)
I

'
!

Drug Dose . _.R3 yion
administered per kg. |during percentage percentage
[ the dayfintrasvenouslg subcutsneously
Ny ! |
‘-: i
< ! 0,50 10 78.50 80.10
g — & 2.08 .1.00
g — 8 0.7 0.68
s ‘Tot. 81.29  Tot. 81.87
3 IR o
3 —
2 “ ‘ , . -
2 1.00 U . 81.32 .77
' > 1.01 0.93
' 8 -0.58 - 0.78
Tot. 83.85 Tot. 81.58
» 0.05 1o . 8189 57.74
a : o . 6.64 3.86
5 9 1,84 1.60
= s 184 - 1.93
I 5 —_ . .27
> . [rS— -
3 Tot. 92.21 Tot. 66.40
= . 0.10 1o .45 80.20
9 11.9 0.95
.80 8.50 . 0.76
! R 2.55 05T
; Tot. 92.40 Tot. B2.48
% 0.15 1 £.04 78.08
. > 2.19 - 1.97
3 Tot. 84.23 Tot. 80.05
= 3
'e “‘ L e
0.90 g0 81.85 79.98
' > 249 202
Tot. 84.%5 Tot. 81.28
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Arch. Farmacol, Sper. 47: 36-55. 1929.
ISTITUTO DI FARMACOLOGLA SPERIMENTALE

DELLA I UNIVERSIT Y DL PAVIA
Direlto dal Prof. 1. SIMON

Dott.ssa LINA STRADA N

Ricerca comparata sull'eliminazione dei farmaci
introdosti per via endovenosa ¢ via sottocutanea.

L :

A) Girea Pelimmazione dei farmaci molli fatti sono roti,
Qi sa ad e~empio che le sostanze volatili abbandonano Torvam-
stio per la v polmonare. che le costanze non volalili venzono
climinate in massima parte altraverso il rene: che aleune. come
i inelaili pesantic si climinano cletlivamente attraverso lann-
cosa delbintestine erasse, Nou pochi farnyier <sono ehinnnail
colla bile. altri per mezzo della calivi: vie i eliminazione
gono le ghiandole lacrimali, la cute, le mammetle,

Ma se guesie coznizioni souo Orindi SicUre, s¢ noi cono
seiamo in modo esatto la eliminazions di svariabi farmacl aiia
verse vie che s possono dire elettive. manecano ricerche com-
pirative interno all'influenza della via di sontministrazione
sull’eliminazione dei farmaci,

I un vasto campo che merita di essere studiato a fondo
per la sua importanza,

1o mi sono limitata a stediarve in qrale inodo influisca sul.
I climirazione quantitativa dei farmaci l'introduzione per via
endovenosa o per via sottocutanca,

Limportanza del problema oggi ¢ srandiszima se sj consi
dera che l'applicazione endovenosa dei farmaci tende a diffon-
dersi semmpre pine La ragione per L gnate ogziin lerapia siose-
gue (questo indirizzo ¢ chiara quando =i eonsideri che liniezio-
ne endovenose (i un farmaco ne porta rapidamente in circolo
Wna massi veramente cospicua. sicehe in concentrazione di far-
maco che cireola nell organisimo & roits superiore a quella ehe
si ottiene quando il rimedio venga soninizstrato per goalsiasi
altra via. Infatti quando un farmaco sppiicato prr via sottocu-
lanea. per csempins o per via gastrica. arriva nel sangie. vi
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siunge un po' per volta a mano a mano c¢he viene assorbito.
ma non appena =i trova in cireolo, Forganisio tende ad espel-
lerlo attraverso le vie di eliminazione. La concenlvazione del
farmaco atta a produrre Vazione farmacologica o lerapeuatica.
¢ data dalla differenza fra I quantita di farmaco che penetra
nel sangue e quella che viene eliminata. Quando inve  si fa
Piniezione endovenosa, si porta in cirenlo tulta la massa di for-
maco che deve azire, e P'elimiinazione. che si stahilizce st G
non pud essere tale da ridurre, nella maggioranza dei easi. la
cancentrazione del farmaco, cosi come avviene nella sommini-
strazione per via sottocutanea o per via wastrica,

A quesin recola v'e una cccozione allerche noi iniettiamo
nelle vane farmaei 1 qnali, anpena giungono nel sangue. sono
v G fasformatt in prodotti volatilic In questo caso
possiama otfenere due ordini di conseguenze: o il prodotto vo-
latile che i libera dal farmaco ¢ poeo tossicn e viene eliminato
rapidamente attri erso Ualbero yespivatorio (come il caendilato
di sodin, trasfoonafa in eacodile. rapidamente eliminato dai
polinesis, o il prodotto volatile & molte tossico e uecide rapida-
mente per szione 2ni centri vitali (come lo zolfo eolloidale. va
pidaments trasformato in idrogenn  solforato. enormenicente
{ossico), . :

BY Da queste premesse scaturisce un problema finora
non preso in conciderazione: l'eliminazione dei farmaei scio
ministrati per via endovenosa avviene pit rapidamente di qnu-t
lo che si verifica quando si adotti la via sottocutanea o la v'a
castrica? La quantita di farmaco eliminato ¢ uguale o divers.®

Prima di addentrarci nello studio della letteratura del pro-
blema. vediamo Jdi risolvere leoricamente il quesilo, colla
senrta di quello ehe e cognizioni aftuali ei insegnann. Quandn
inicftiamo un farmaco nelle vene, il farmaco, a meno che non
sitralti di sosfanza che svolea la sua azione sul sangue, si fssa
su tutti i tessuli dell’orzanismo e probabilmente meglia ed in
quantith mageiore suzli organi sui quali acisce eleltivamente,
E' probabile che il farmaco si fissi anche sugli organi elimina-
torit. ne inibisca la funzione e che allora V'eliminazione sua
non avvenga con guelta rapiditd che si ha introducendolo per
le altre vie di somministrazione, Pud darsi che, praticamente.
entrambi i casi si avverino: che cind certi farmaei poco lossici
realmente stimolino eli organi deputati alla eliminazione sicchd
ne consegue una eliminazione assai rapida, come pud dars: il
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caso opposto, 13 chiiara che solumente Uesperimento sullani-
inale potra Jarei la risoluzione del problema,

C) Prima Jdi imiziare 1o studio delareomento & bepe esa-
minare la letteratura in proposito.

Io non cono-ra ricerche fatte collo seopo che mi sono pro-
posta come meli delle mie esperienze. ma ho visto qualche la-
voro che pud reaimente essere ravvicinato ad esze.

“Cosi. ad ezemipio, Jenselme (1) trovd arsenico nelle urive
un’ora dopo Uiniezione endovenosa di « 656 5 o lo dimostrd an-
enra per 4 giorni. mentre in segnito ad iniezione intramuscola-
re dello stesso farmuaco, invece Lrovd arsenico nelle urine nes
3-6 vieni dopa la somministrazions,

A cencath analoehi pervenme Morel,

Gatonanier {2, in secuito a somminiztrazione di solfo.ar-
senolo, trovo che se st adopera la via endovenosa, 'eliminazio-
ne dellarsenico avviene nelle prime ore successive all'intro-
duzione del farmaco. mentre se la via di somministrazione fu
la intramusealare, Veliminazione delbarsenico dura 2 wiorni.
Ricordo poi le ricerche sperimentali su aleuni preparvati hismu-
tici di Perantoni 3 il quaale constatd che nell'umno il Lismuto
comincia al essere eliminato in un tempa varinbile fra 4 e 0
ore dopo Piniczione del farmaen, se si sowne la via endoese.
tare. mentre si rileva Lo presenza del metallo nelle urine pev-
fino dopo un'ora ¢ mezzo usando la via endovenosa. A<sorbi
mentg ed eliminazione vanno quindi di pari passo. rapidissin
con le imezioni endovenose, meno rapidi con la intramoscolare

Tuaite queste ricerche sono qualitalive, Le esperienze pin
importanti, dal mio punilo di vista. sono quelle di Testonic (3
(%), il quale ha preso in esame comparalivamente elimina-
sione (uantitativa dell’aspirochy] e del  solarson,  sonmmini-
strando i Jdue farmaci per via endovenosa e per via solto-
cutanea,

Egli nelle esperienze con aspivoehyl osservo che gquando
la via di somminizirazione o endovenosit 'arsenico viene eoli-
minate inoquiehiti macziore ¢ pin rapidamente che non quan-
do la via di somministrazione ¢ la =ottocutanea: nelle espe-
rienze col solarsan osservd al comtrario che Varsenico passq at-
traverso il filtro renale in quantith masgiore e pint rapidainen-
te quando venga inteadotfo 2alto Ta cule che non inicttato nelle
vene.

Questi pochi dali sinora ottenubi su guesto argomento pre-



conlano risullati cosi oppestic chie dimestrany chiaramente
che non si puo stditive per ova by veola che moverna 1 rappot-
ti fra assorbimento ed climinazione lei fariaer a seconda la
via di introduzione ¢ chie zolo Pesperimento esteso ad un largo
nuimero di farmaci potric far luce su questo interessante pro-

blema.

11, - - RICERCHE SPERTMENTALL

Dovendo fare ricerche comparative esatte, scelsi lre far-
maci poco tossicl, dotati di scarsa azione locale. che si assorbo-
no rapidamente anche in seguito ad applicazione sotlocutanca.
TR sofostito dj godiog Pioduro i potassio. i salicila-

SR )(“0‘

A. - Ipofosfito di sadio,

Queesto farmaco. cont’s noto in aognnito a ricerche antiche
o recruli alteaerso Vorzanismo inodificato e st trovae qua-
si nelli totalita netle urine (6-7-8).

Por dosarlo netle urine lo trasfornad per osgidarione in fo-

sfadi. Hono indicati varin metodi:
v Ossidazione ner mevzo di NG
20 Ossidazions per mezzo di KOO e di HEL

1 icliont risnliaty s ottengono cob secondo raetodo. Usag ipo-
fosiito purissimo e per IS ingroseopiciti ne prepiosd b solo-
sione che titolai opnt velta prima diasorla,

Dopo fa somuinistiazione di ipofostito sodico ai conighi roe-
caglimvo Te urine, ne wisnravo it volume ¢ quindi prendeve due
porzicni uguali

Bosavo nelly primea divettamentc Panidride fosforica per mcz-
70 di una solusione itoints i acetato di uranile, con e bew note
regole: ossidave la seconda poarzione ¢ poi 1a partavn o seceo o
honn: seialte it residuo in argua distiflata aeidilienve i raisen o
con aeido aeetico o ean festaro potassieo, indiodeterminavo Fani
dride fasforicn presentc con fie soluzione wranica. La pritna de-
terminazione 1 dova oo gnaotiti di anideide fosforiea dovuta HE
fosfati presistentt nellurina: I scoonida Vanidride fosforica ded
fosfati proesistenti pitne quella dovuta all'ossidosdone degli ipofo-
afiti. b differensn fra te cifre ottennte nelle due determinazioni
vappresentnng Ianidride fosforica ddei fosfoti prodoti dall vasi
lazione degli ipofoslitis che venivino eliminoti i erati.

Due prove in hianeo che feci precedere alle esperienze sull’a
nimate mi diedero i secuenti risoltadi

12 diogr Ddiipofostiti ne frovae geo 0.0 ciod S,
2odiogr. 2 i ipolodtins ne troavi grs LIGC eind 1 o8,

L
Una volta in posses=o di un buan metodo di dosaceio de
sl ipofosfiti nelle urine. passud alle esperienze sui conigh
Nella talwlla 1 sone riportati i risullati delle esperienze.
i
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B. — Pspreriense con iodurn BOLAsSICO

a7 Gl ieduri sono farmaei malto noti e di w0 coreente
pella pratica meadica /9100 Dalle neworsse ricerche esezaite
sull’assorbimento ¢ sulla eliminazione deeli doduri, risulta cer-
tamente che questi sali, facilmente solubili, sono rapidacente
assarbiti per laovia gastro-intestinale. diffondono nefl’oraani:
smo e pai appiiono molto rapiclanente e var seerett di e
sto. Cosi 7-12 minati primi dopo Pinvesthione deghi ioduari furo-
no ritrovali setla sabiva: pell’uring 313 minuti dopo.

Le ricerche =perimentali dimosteano che esst =i eliminag.
in massima parte attraverso I'emuntorio renale; ma i sa an-
¢he o0 bente che nna certa parte ritmane nedlorganismo,

e s tasadi la gquestione detliie=orbimento e deile
Jdiminazione deeliododurp acquisto un oorande intevesse prab.
co. speciahinente per gl studi ¢ por e vieerche di Selluzers
vodi Tekozases, per stabilice vne prova eliniea della Taeee-
ralitd renale, ’

Kehlazers « Tabasusus eredono che, mentre Peliiminazio
ne di gr. .50 didodturo di pofassio vichiede nonoalmente o
tempo costante i 5560 ore. per vanse Al lnseilicienza reaie
it tempo delVeliminazione. viene di moito prolungato.

Circa la quantii di djodvrva eliee sty s ila dalle espe
rienze di Saluzar 11 ebe nelle urine 31 rova, wseeonda detia
dose somminiztrata, dall’'s3 al 96 per cento de] sale anlrodotoo.
o precisamente con dose ninore Pelinvnazione o pin detod
con dost mazziort Pelhminazions & piae forter i che g
suda uzualmente  da esperienze fatte dal Burhhioltz 12 .

Quest’ultimuo = occupd paslicolormente, in tna sevie 05 i

ro-

cevche, del conlenutn in toduri del sancue. dopo ingestinne
di easi, arrivando alle ceguenti conclusioni

o Vopo la somministrazione di unia mageiove guantity
Jiiothuro potassico. Ta percentuale in iodio del sangue aunmenta
rapidamente nelia prima ori ¢ razyinuze b massiono 2-3 ope
dopo la simmin-traziaong,

M La conventrazione doaodio Lol cancue stain vappers
{o diretto e costante colla guantith i dodio contenuto eliiog-
Lanisn,

ey Se siosomministrassero dozi frazionate di K1 darante
futta la giornata. la concenbrazions in iodia del sanzue ¢l
, sce dopn ogni somministrazione, per diminuive poi fentanan.



e, 1 peeessario quindi, gquando siovoole ana concentrazione
costante, somministrare durante tulto it giorno delle dost fra-
zionate mollo preenle,

d) La mazawor parte dello wdure sonmmiinistrato viene
climipalo coll’urini. nella quale si ritrovano spesso i 910 del
la quantiti sornminizhroia

Tralaseio le allre ricerche. su questn argomenlo. perche
non hanno eol mio lavore stretto rapporto,

B. —- Metodo,

1 metado da me usato nella ricerca quantitativa degli fodwri
petle urine dei conigliy, in seguito o soministrazione per via e

fover o par vin sottoentanea di KE purissimo, ¢ quello di
AU RO che o deserivono cosi 1135 50 ceo di urina
Cavvadingasa x . ve i osoluzione satura di earbnnato sodico,

d evapora, <i cavbenizza il residuo secco, 8 eLauriser Con acqui
boilente. Al soluzione oftenuta, portata e mantenutu all’ebolli-
zione per qualele minnto, si aggiungono poco e poco cristotli di
permanzanito potassico, finche permane colarazione violetia, Col-
Vetaliziane dellic saluzione alealing assienme al permanganato po
tassivo, gl i vengona ossidati ooiodoti secondo equaziones

K14 2KMnO, 4 1L,0 = K10, 4+ 2Mu0, 4 2RO

Siodistrnoen Deecesso di permancanito colllapoiunta dio quai-
che ee. di aleoal al liguide enldo. T tal moda il permanganato in
woluzione aleading viene vidotto prima o mangonato ¢ i in hios
sidin di mnganese, che si depositn sotto forina di pohvere hrna,
Gl dodnti non venzono influenzati da questa riduzicne

Qi Glre, sioscpara it precipitato dio hicesado diomancanese, che
i Tova accuratamente con arqua calda,

Nel filtrato, unito alle aeque di davageio, dopo raltveddinme
o, sioversano D oeeo di HCT e D di solu ione al 10 diKE o csente ada
vodati. Poi si titola con soluziene N/ i iposalfite, fndicntore o
sl d'anido, Toiodio messo in diberti

K10, - KI 4 2HOU o= HIO, 4 1T + 2K
5H1 4+ HIO, == 3H,0 |- 31,
1, 4 oNaR,0, = 2Nal -} Na R0,

Come si vede, wyneste metodo consiste essenzialiente nel tra-
gformare lo ioduro in dodato mediaote ossidazione con permatt
eanatn in ambicnte aleadinog e poi mettere i libertic loiodio d. Ho
jodado, aggiuneendo soluzione di Koo poacidificazione det e
(urido »,

Come risnlta dall’equazione sopra ripoitata dd sei atomi di
iodio elie si metfono in libera, soltonto noo & dovuto allo fodato
vrovenivnte dully ossidizione dello ioduror quindio i risultati rhe
nella titoly ione si ottengono devane essers divisi per sei

1 visultati perd sono oltimi eame risalta dalle prove o hinneo
fatte da me, elic rinnrto brevemente:

1 prova: wr 00 di KT aggianty aocme, 5 di urina: trovati
g QOGRG, cine ] DOSG

2 prova: ur. 0200 di KU oegiunti oo s travali gr. 0.1902, vole
o dive i 6. '
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G. - Esprrienze eon soliciliato sadicn,

e 1 preparati salicilict da ol anai sonac conw tutti
sanno, largamente usati in terapia per Vinftuenza autipiretica
ed antinevealsica, per quella svecificn nelle Torme Iorhe <e
renmatiche per’ Uazione sul ricambio ¢ via dicendo,

Qaesti preparadi, per somministrazione i dosiesazerate
o teoppo (oo tuesates posseno determin Vinsoreenza di fe
nonteni tossici. come eefalea. ronzio azli orceehi, cardiopaimao,
verticini, «ebrio, Aino o ragginoeere. per Jdosj tossiche, una
fase conptling,

Per fovtuna cii avvelenamenti sono molto vivi per la ra-
pida elimiiazione di essiatbraverso il rene. come dinteslraro
S0 Bronmedel il quale constatd come Volimitg-
Zloue sia o0 ko e Ba prima giovinezza. pia lenla nell’uo-
mo adulio. nefevolmente ridotta nei veechi per una pig o me-

no avanzala sclerosi renale.

e ¢

Una determinazione guantitativa di aleuni preparati, sa-
licilici uelie arine fu fatta dal Maei 15 il guale trovo ehe in
seguito a somminestrazione di salicilato sodico. fra 1’80 ed i]
per centa dell’ucida inzerito passa nelle urine.

AMfolti altri Antori si occuparons pinttosto delle basforma-
zioni che Pacido salicilico subisce nefl'oreanismo zostenendo
che delty acida, in massima parfe. nell’organismo umano si
combina enlla vlicorolla, dando Inozo atl'acido salicitarico.
che come tale viene eliminato atlraverszo le urine, insiene eon
quella parte di acido <alicilico che non subisce qguesta tra-
~sfurmazione,

Da tre esperionze eseguile da U7 Mosso {(15) su s¢ stesso.
risultd, che in sewuilo wd ingestione di salicilatn sodico e pre-
cisamente di gr. FOLh er, 3 presi in fre volle, gr. 3 presi in
una vulta sola. nelle urine si risconlrarono rispettivanent:
er, L3775, gr. 3x50, gr, 05280 di acido salicihen. di {ronte
agr, 23500, o, 35600 o gr. 3,4320 di acido salicilurico,

Lo stesza Autore sul cane in seguito a sonumiaistrazione
per boeea di gr. 4 di salieilato sodico in 4 volte nelle 2% ove,
estrasse dalle urine 2r, 27730 di acido salieilico e gr. 1,8250
di acidn salicilurien,

A differenza di Mosso, 1 e risalatl in fondo sono poco
discordanti, perche Nacido salicilico da lui estratty dalle urine
fu 4/5 (1. esp). 17 (2 esp), 1/5 (3. esp.) dell'introdotlo, Ste-
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cloanan (16 ha ottenuto eifre molto oscillanti, & -+nuo poltuto
csbrarre una volta meta detCacady sahetlico sonmnisteato. od
altre volte quantita che oscillano fra 12, 1R e 1720 detlacido
ingerito. Ne ha polutn riconosceve gquali condizioni facciano
Cvariare la combinazione dellacide salicilica colla shicorollu:
solo si ¢ polrio convineere che ordinariamente la quantilic del-
PPacido salicilurico © motto superiore a quella dell'acido sali-
cilico.

G. Poucher (17) riferisce che nella somutinistrazione di
acido salicilico e di salicilato sodico, 'acido salicilurico vip-
presenta i 23 dell’acido eliminato, essendo il resto salicilato di
sodio enticiialo di potassio, aldeide salicilica, ecc.

Juesty lat Cdiseordauti. dimostrano che suolle eausce
elie influiseono ¢ rezolano la formazione dellacido salicilu-
vice si @ completaumente all’oseuro,

Bsaminando i risultati ottenuti nelle sue esperienze Bal-
doni 183 frac 1o conclusione che, quando si somministra el
do saiicilico ¢ =alicilato sodico per bocca, facile ¢ nell'oveani
ama la formazione di acide salicilurico. Nolevole del pari ¢
Ieliminazione di detto acide, Una parte pur dellacico St
lico non si aceoppia colla glicocolia e fuoriesce per e urine -
jo stato di salicilato alealino; non esizle un rapporto costant.
fra acido salivilurico ¢ acido salicilico climinator mna tuiloa
Faeido saliciiurico ¢ costantemente in quantitic molto maagiore,

To trascurii osnj ricerca intorno alla forma di elinina
zione e determinai solamente la quantita di acidi salicilico ¢ii-
minalo eon le urine, »

Usai il metodo di Lagrange (19) che si puo deserivere hre-

vemente nel maodo sezuente:

«Be ad wn Liguido, contenente acido saticilivo, s agpinnge
aequa di brotoo in eevesso, si forma un precipitato costituito da
Lromure di tribromofenalo, :

« Titolundo Veccessa di bomo che resta libero dopa Tn preei-
pitazione del compusto hromato, possiaino cateolare quonto Lrovme
fu consutnato per la formazione di questo bromuro di tribromofe-
noloy dalla quantita trovata sirisale, con facile caleolo, allacido
salicilicn corvispondente o

Oceorroto le soguenti soludond,

1o Aeqan Bronaia b cui ogni volle va determinato i titalo,
20 U soluziore N0 0 ivasabtitg sodicao,
30 Ui soluzinee di K1 al 1000
Aonaldn diieido di recente preparnto,
Prima oo esperienza oecorrve titolare Dacequae dio broeraos A
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tals seopo < presude un eceesso deila soluzione di KT e =) pone in
unu bocei, 0 tappoe smeriglining Sioprefeva poi ron uni pipetta
tna dete proinadn quanntitc boaegee hroinala e, con poecauione,
<i fa eoders ol boecias = cluinde gquesta el teppo e agitn far-
fonrente, Avaye e atdlera L potac reazione eosbonetie i Tertio ane
avard it dibdey corpisponstonie al Hrotmog versitn,

2hE e Br, 2KBra 1,

Sifa quindi cadeve el digaido, da v buretta graduita, pos
vin f goertn, wna soluzioae di N dposelie, dioent boenee e
eguivatente oo, RHIRT i Dodio e g oS brotae, tinehooud
eyt cones pvg debole colorazione gindln, =ioapgitnse aliova quad
e e b damine Tevenle ¢ contimsL i versa e iy o
Co b g e e e e et eoluricione azzarra. Pl nevo dei e,
di soluzioas N0 pposelitto inpicgato =i deduee imtrediataanente
T quantith di sodin coenindio di broto contenato rella boceing

Fattn L titol done aliequa bromate, aggungiaimo ol P
del guale s vaol dosine Paeido salicilieo, posto fn ana ey et
G ceeegso esaUntnehte misurats di questa veana di brome, dd
Guite & eo o e i talor otteriee vin precipitato pih o oo
Dondande it che none s foria pit precipitnto e ch ol Hauicto
soprastinte ol precipiiato b asstnle un colorito giadbastre, < ver
fi L ervesso diosoluzione al 0 di R pare, <P acito eonee se
pea, e quindi s fnoea lere dauna baretta sradints 4 povo o o
coltzione N 1 di iposolito finch™ i1 liguida consorvn derale o
vazione zinlby =E agiiunwa ablorn qualeln el sabibe o o
sp torns o verseee iposoliito o o seonrensa della codoro i
PARTHETH

Allora dadin quantiva di bromoe siovisade able quaniita de Do
v di teibironedenote o quitdi alla guantita di ecicdo sadivitiee. o
cordando che:

adoin 1o di bromtro i brobrom. fenola sono cordennty ar,
07R0E di Do, .

by 1 or dioacido saliethico corvisponde aogr, 2071 di bronw
ro di triberoniefenalo,

Dopo tinnerose prove o hinnco, perfetiamenie yioseite, choe i
aseicurarong interno alla Fantd del metados passai atle ricerche
sulle orive, Non operad diretamente suoesse, perebe dn tal casa
si hannn vanse dioeorore nen boadifrentic s calle arines s tes
ficate con avido solforico, feel ripetite esivazioni con etere etilien,
avendo cura dopo opni estrpciene o eschae a s pet o B
tempo affinche Tetere st separiese completaoente dall aring,

Funii b ovard e<tedti eterers evaeornt Detore oo oo v, i
presi il residao caa aedqua aeida per acido sotfosien o sy i essn
dosai Paeido sadicibeo col metodn pil sepra descrirto,

[ S R

Nella tabela 16 ho vipovtato @ orisullate delle esperienze
fatte con salicilatn sodica,
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CAPITOLO 111

Esame dei resuliali.

. Se nop guardiamo le esperienze fatte con ipofo-
sfito sodico (Tah. ). vediamo che esse sono costituite da due
grappi diversi a seconda della dose. A due animali ho iniel-
tato o dose di v, 0.5 per ke, ad uno per via endovenosa, al-
Pallro per via colleentanea, Allvi dine animali jnvece subironn
Viniezione i 2r, 1 per kg, T'uno nelle vene, Taltro solto cnde,

La conclusione che pud trivre dalle due serie di e«peri
menti ¢ questa:

o) Lo quantita di farmaco eliminato. dopo la sompini
slrazione endovenosa ¢ sottoentanca, non dufferisennn wnlto.

by Inietiando H0 etgr, di ipofostifa per ke, nelle vonce o
sotfocute, nelle vrine si trovac in tulle ¢ due §ocasi pacs pin
AelF31 96 del preparido gomministrato o Peliminazione hara
poer tre giorni.

(Continua).



Arcivio di- Farmecoogia. sperinentale ¢ Seenze alfu
T ISTITUTO DI FAMAGOLOGIA SPERIMENTALE
DELLA R, UNIVERSITA' DI PAVIA
Diretto dal Prof. 1. SIMON

Doti.ssa LINA STRADA

Ricerca comparata sull’eliminazione dei farmaci
introdotti pervia endovenesa e via soltacutanea.

I

{Continuazione, vedi num. precedente)

€) hiiettando 1 gr. di ipofosfito per kg. per le due vie
la quantita di farmaco eliminata dopo liniezione endoven-
fa 1) & lievemente superiore a quella eliminata in seguils
ad injezione sottocutanea {2); ma le differenze non sono tali
da venire particolarmente notale. 1eliminazione in entrambi
1 casi duva per tre giorni.

B Passanido all'esame delle tabelle relalive alle espe-
rienze fatle con ioduro potassico (Tab. II) notiame subito
differenze len maggiori nella eliminazione del farinico intro.
dotto pe rle due vie, e precisamente notiamo -

a) Sempre la quantita di farmaco eliminata fu maggiore
guando mi servii della via endovenos.

b Quanda sonuninistrai clar, b per kg di K1 ia quith-
titie di ioduro eliminata in seguito a somministrazione endo-
venosa fu del 92.21 - dell'intradotta ¢ 'eliminazione durd per
quattro giorni: quando somministrai In stessa dose per kg per
via soltoculanca. la quantita eliminata fu del 66.40 rispet-
lo a quella somminisirata o lo iodio fn dozabile nclle urine
fino al quinto giorno. ‘

¢} Quando somministrai {0 cter. per ke Peliminazione
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endovenoca fu il 92.40 9, del farmaco inicttato. Fu solo del-
82,489, in zezuito a somministrazione sotlocutanea: in on-
trambi i casi it preparato fu dosabile nelle urine per quattro
giorni. ‘ . ;:i'

Risulta dunque che allorche somministriamo il farmnaco
per via endovenosa, ne vienc eliminida colle urine una quan-
titd maggiore,

C. - Da ultimo le esperienze col salicilato sodico Ta
bella 1) mostrano un comportamento che si potrebbe for-
se dire intermedio fra quello degli ipofosfiiti ¢ quello dezli
toduri. Infalli per questo farmaco si riteva - ’

o iiEbeido per via endovennsy gia 15 eler. che
o per Kg., ta porcentuale diosalicilato eliminato fu dell’s4
circa,

by Inieltando invece le stesse quantiti di salivilat per
via sottocutanes Ueliminazione sj ageird indorng all'OST -, !
preparvato - ovmmnstrato, Vale w doe reddnente dapo Uindezione
endovenu=n si otterme una eliminazione pan copioe ma Fao-
mento non fu cecessivamente elevato e wd orni modo aesai
lontano da quelln ottenuto eon joduro potassico

Lleliminazione di quantity dosabili Jdura in entrambi j
cast per due giornj,

CAPITOLO 1V.

Conclusione.

Trarre da quesie esperienze concluzioni generali, che ab-
biano il valore di una legge. sarvebhe mginstificato. Quoste
esperienze pero valzono a metlere in luee una serie di falli Ji
importanza veramente grande. in quanto, oltre a stabilire ol
cuni punti i modo sicuro, aprono la strada a nuove ricerche.

I falti stabiliti sono i secnenti:

a) Vi sono farmaci i quali come I'ipofosfito sodico, non
mostrano. nell’eliminazione, differenze costanti. alle quali si
possa attribuire un valore particolare. quando vengono somini-
nistrati per via endovenosa o per via sottocutanea in ugual
dose.

0) Altri farmaei. come lo iodurs polassica. cono realinen-
le eliminati in quantita molto magziore. quando si somnnuni-
strano in ugual duse per via endovenosa che non per via sotto-



— 5 —

entanea. La ditferenza fra i due casic =empre rageuardevole,
pud essere anche cospicua per le piccole dudi,

¢; Altvi fuwrmaei infine. tipo saticdato sodicu, =ono real-
mente eliminati sempre in quantita magzziore allorche si som
ministrino per e vene. ma i differenza, sebhene costante, ¢
piceola.

K diftreile spiczare gueste vartazioni dell'eliminazione.
La prima idea che ~i affacein alla mente ¢ quella che. quando
i farmaco =i climina meno netla somminestrazione sottoen-
tanea; prodaci un effetto locale nel punto i applicazaone
seguito al quale una magziore quantila di vsso viene fissala nes
teseuti. tratterata nellorganismo ed eliminata poir con gran-
dicsio g enlezza, Orn non si pud nezave unazione locale del
Pioduro che puo arrivare fino a danneggiarve serianente 1 les-
suli (20, ¢ nemmenos del salicilato di sodia, sehbene con mee-
canismo diverso,

Un'altra spiceazione consisterebie nellammettere che al-
lorquand:. & fomaer infrodotty per via sottoculanea. sono 0
minati in wanor quantita che nel caso’della somunistrazione
endovenosa. avvenga uba m;if:ginrt- trasformazione loro nel-
Porganismio, mentre tale trasformazione non =i verifichereb:e
alfallo se i due (m'nm;'i somnunistrati per via diversg vengono
eliminati nella stessa misura, e =i verificherebbe meno quando
vi sta una piceota diffevenza, come nel caso del salicilato o
dico.

Ora ci maneann, in mas-una parte. gl elementi che ci per
tettano di sozivnere nna cost fatta interpretazione, 10 vero ol
nel caso dellipoinsfito i ammette che il farmaco non venga
trasformato nell’orzanismo e che si eluning malterato. ma per
quanto riguarda il contezno del salictlalo nell’orgamsmo ap
piamo che ezso si accoppia alla glicocolla. sehbene non cono-
seiamo quanto preparato venga eliminato mmodificato. ne in
quale proporzione questo fatfo =i verifichi in rapporto alla do-
e somministrata,

1 chiara chel finehi pon connseiamo esatfamente il com-
portamento del <alicilato, il nostro ragionamento manca di
hase, -

Infine per cio che rviguarvda Jo iodure potassicn, ogzi per
una serie di consuderazioni ¢ dp fatti constatadt sperimentad-
mente. si ainmetle che questa farmaeco venga seisso nell” nga-
nismo. A sostegno della seissione sp portano 1 seguenti fatti:
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TABELLA IV (RTASSUNTIVA)

Favianco
CITINIT AR
AITatO

-fito di sodio

ipo.

ioduro di potassio

salicilato di sodio

Dose per ki, |

|
|
i

nefls
gi ruutn

T SETEAETAT L ART | TERREET AT
Klimiuna ione

prreantuale por via

prreentun’e per vig
endoveposs

sottocutanca

0,00

1.00

0.00

0.10

0.30

1 o
Ve
8o

1°

30

]u

8

~

30
40

Eyo

10
hed
30
o

TR0 R0.10

208 1.09

0.71 0.68

Tot. 81.29 Tot. K1LKT
£81.32 79.77

1.9 0.498

0.08 0.78

Tot. &KL

Tot. ¥1.53

Ri.x0 h7.74
6.64 S.8G
1.8 1.60
184 1.93
- 1.27

Tot. 92.21

Tot, 6640

7440 RO.21)

1.4 0.4,

3.50 (.76

2.4 0407

Tot, 12.40 Tol, K248
82.04 78.08

2.19 1.97

Tot. 8420

Tol, RO.ON

81.86 79.26
2.49 2.02
Tot. 84.35 Tot. R1.28
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* Se nm fucciamo  attraversare da anidride carbonica
una soluzione di imduro posta a contatto con un protoplasma
vegetale vivenle eontuso, si ha immediatamente liberazione i
iodio dimostrabile coi comuni melodi chimici (Hinz).

221t fenomeno non si veritica pin se il protaplasma ve-
getale vien Titto hellive prima dellesperimento (Binz. il he
dimostra viie non basta la presenza di un protoplasma, 1.9 che
¢ necessario che fale protoplasma sia vivo.

8. Clawde Bernard osservava che dopo la somministra-
zione di jodurj axli animali, quando nell’urina non si trovava
pitt {raccia di indio, per molti ciorni continuava 'eliminazione
deddiiaduri atlraverso fa saliva, il ehe lo induceva ad anmmetier,

C o venisgera scomposti nell’organismo ed entrasse
vo - far parte di molecole organiche le quali un po per volta
venivano seisse. sicche o iodie rimesso in libertd formava un
compostn salino eliminabile eol seereto salivare,

A P o orvato ehie dopo Iy commimistrazione dijoduri
cre o boquantith didodio fissato organicamente uella tiroide,
(nel contglio contenuto totale della tivoide in iodio — mmgr,
0.12),

Per questo si pud supporre che. quando noi somministria
mo daduri per vig sottoeulanea, ave. oo una fissazione di essi
aszi maggiore di quella che non i verifichi nella sommini-
straztone endovenosa, sebhene nessuna prova direffa jposse-
diamo a questo rviguardo. Ma si pud anche pens.. - che, per
Passorbimenty lenfo ¢ graduale che si verifica per via solfo u-
tasea, i tessuli destinati a seomporre ¢l ioduri, trocandosi in
presenza di una massa minore di farinaco, possano meglio
attendere alla loro funzione scompozitrice, Ripeto che si tralt
di ipotesi, le quali hanno bisogno di essere suffrazate da oS-
rienze ulteriori,

Quello che 1o eredo di aver dimestrato & che i farmaci
non siocomportana ity allo slesso modo, quando venzono
somministrati in dosi ugnali per via eodovenosa e per via sol-
tocitanea, In fonda anche le espericnze di Testoni con aspiro.
chal e con solarson. scbbene volte ad altro scopo sperimental.
e percio incomplete dal mio punto di vista, portano a con.
chigioni analoghe ed acquistano dopo le mie esperienze un
vitlore nuove,

E' certo che aleuni farmaci sono eliminati nella stesea
quanlitd, qualunque sia la via di introduzione; altri in modo



veco diversos altre infine in modao diversiasshino, B certo ¢he
il problema & assai complesso e che in eszo entrano in grooe,
Pazione localv del fivmaen <od tessuti e le sue trasformazion
nell’organtsma Sclamente minmerozse ricerche solarcoment
ol pin cvariati favmaci, che Loizana conto di gqoestio fultorvi
complessi, ¢ che corchino df risobverit nel modo mizliore, Po-
franeo porlers ad noa lesge generale.

A e bast Pavere nnpostato i1 problema e Cavere portato

alla risoluzione sua un modesto contribato,
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INTRODUCTION

It has long been known that phosphoric acids are important
constituents of animals and are essential for their growth, but no study
has yet been carried out on the difference in nutritive value due to
the form of phosphoric acid.

In 1910, E.B. Hart et al. (1) reported that pigs stopped growing
when given a feed wit joor ph.sphoric acid content, but began to
show normal growth when (ime phosphate was added to the feed. Thu.,
they assumed that organic phosphoric acids were not necessary. In 1918,
T.B. Osborne et al. (2) raised white rats on synthetic feeds and determined
the nutritive significance of various inorganic components. In that
experiment, a group of animals given a feed without phosphoric acid did not
grow at all whereas a feed with N-phosphoric acid resulted in perfect growth.
Thus, they concluded .. ““gin-bonded phosphoric acid or other organic
phosphor” :.cids - ol .o wsr . The effectiveness of giycerophosphoric
acid, pi.rtin, or huxose phosphoric acid as a source of phosphoric acid
has been reported by many investigators, but no attempt has yet been made
to study them on a comparative basis. Pyrophosphoric acid was found in
animal muscle cells by Lohmann et al. (3) in 1928, suggesting its
significance in relatior tn che growth of animal, but no report has yet
been made on such aspect ot metaphosphoric acid.

Under these circumstances, the author studied various forms of
phosphoric acid comparatively with regard to their nutritive value.

1. PHOSPHATE UNDER STUDY

Sodijm salts of orthophosphoric acid (sec.), pyrophosphor.c aci:i,
metaphosphoric acid, hypophosphorous acid, glycerophosphoric acid, znd
phytic acid, and calcium salts of orthophosphoric acid (sec.), and
hexosediphosphoric acid.

The chemicals used were :

Orthophosphoric acid (Merk) : recrystallized from warm water.

Pyrophosphoric acid (Merk) : recrystallized from warm water, silver nitrate
was used to produce pure white precipitates of silver salt; at normal
temperature, no reaction occurred upon addition of ammonium
molybdate and nitric acid, which indicates that no N-phosphoric
acid was contained.

Metaphosphoric acid (Carlbaum) : Washed with cold water; silver nitrate
was added to obtain precipitates of silver salt; neither ammonium
molybdate nor nitric acid produced reaction at normal temperature;
neither zinc acetate nor acetic acid produced any precipitatec, which
indicates that neither N-phosphoric acid nor pyrophosphoric acid
was contained.



Hypophosphorous acid (Merk).

Glycerophosphoric acid (Merk) : recrystallized from water; theoretical
value us P20g, 32.87%; experimental value, 32.84%.

Phytin : obtained from rice bran; converted into an iron salt with iron
chloride, then sodium salt with caustic soda, and recrystallized from
alcohol; theoretical value as P20g5, 46.11%; experimental value, 46.02%.

floxwsediphe phoric acid : Bayer's candiolin was purified according to
C. Neuberg and S. Sabetay's method; theoretical value as P30s,
34.13%; experimental value, 34.02%.

I1I. BASAL FEED

Composition : horse meat protein, 17%; starch, 60%; butter, 20%;
phosphoric acid-free inorganic salts (Oshorne), 3%; oryzanin, small
amount.

The horse meat protein contained 0.46% of lime and 0.32% of total
phosphoric acids in the form of P20g. Therefore, the basal feed
contained 0.055% of total P,0s.

ITI. EXPERIMENTAL PROCEDURE

Malc white rats weighing 30-35 gm were raised with a feed containing
16% of horse meat protein, 60% of starch, 20% of butter, 4% of Macamum's
salt (translator's note - unable to verify) No. 185, and a small amount
of oryzanin until the body weight reached 60 gm, and raised with the
basal feed for approximately 10 days. During the 10 days, no weight gain
was noted. Subsequently, 1% of phosphate was added as a free acid to
the basal feed and changes in body weight were observed.

I1V. PERIOD OF EXPERIMENT

Group A : Fron February to August, 1930
Group B : From July, 1930 to January, 1931.

V. EXPERIMENTAL RESULTS

The group without phosphoric acid indicated no growth, the amount of
body weight gained being approximately 30-40 gm for a period of 4 months.
The hypophosphorous acid group indicated no growth, even when the amount
of acid added was increased to 0.5%. The increase of acid content to
1.5 - 2% caused death of the animals in several days.

Normal growth was observed in the orthophosphoric, pyrophosphoric,
metaphosphoric, glycerophosphoric, phytic, and hexosediphosphoric acids
groups.

Skeletal X-ray examination revealed no abnormality in any of the
groups.

The author is deeply indebted to Dr. Suzuki for his assistance
throughout this study.
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Figure 1
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From left
A: Orthophosphoric No. 75 and No. 86
B: Pyrophosphoric No. 81 and No. 78
C: Phytic No. 79 and No. 80
D: Glycerophosphoric No. 87 and No. 88
E: Metaphosphoric No. 82 and No. 88
F: Hypophosphorous No. 90 and No. 91

No. 85 : given N-phosphoric acid subsequently.
No. 89 : given 0.5% hypophosphorous, then N-phosphoric acid subsequently.

No. 93 : given 0.5% hypophosphorous acid subsequently.
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Figure 2

From left

I Orthophosphoric
I: Hexosephosphoric
J: P-free

Given various phosphoric acids for approximately
4 months.
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No.
No.
No.

96 and No.
98 and No.
99 and No.

75
81
78
79
87
82
90
85

Given various phosphoric acids for 3 months; legs only; photograph ed
from top. (orthophosphoric; metaphosphoric; phytin; orthophosphoric-Ca;
pyrophosphoric; glycerophosphoric; hexosephosphoric; P-free)
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Figure 5

A

FRCERAE TRy

e Ll

Lor

PPRERION
T it it a WAl i NN £ 8 e 2

<

P .
RRTIP Sl gL

Given hexosephosphoric acid Raised without phosphoric acid
for 3 months; No. 98; reduced for 3 months; reduced to 1/2
to 1/2 of aetual size. of actual size.

References



Takahashi~'32

v Bib No. 53
J. Agr. Chem. Soc, Japan 8: 515-518, 1932

———

wAel R RMOBI: X 5 RRNEAN 515

BWoWEC L b LM
A¥: & & B %
BHMAe+—-HWARRA /
B £

WS DMBORE L IKS TH Y O TR O ERW L BRI (h binbnT
B 2DMA~DHELOBIRIC L 551 TRIELWED L v,

19104 E, B. Hart )RV IKDPHRICE U B0 308 P2 e BB IK T M~ AU
Qkﬂﬁfmeﬁmm%ﬂﬂm@?&wéﬂﬁLk.'RBJhmmeﬁﬁwﬁlmsﬁﬁﬁ
PP CER E R LSRR OSSR L0 REE £ Wim L PEBSAR C A T MRIMR WL 2 82 1S
CEPZICEBRE M~ NIRRT T 50 0 ARG L2e BRIt 17 HE R AR S 20 4L
TREWERE L2, 7V catdf, 745 4, ~% Y~ RPBEREBREOMNIE L TR
BRMICOMEL D <7 e bR v, e itz 1928 42 Lohmann [X™35hisRA
MR E T S LT OWUARZABRIN 2004 7 MR L TkE v,

Pl X > THBRBMRO BRI H>W T HR EOHB LT o%.

L BRER Ly S92 G

Orthophospharic acid (sec.), 1'yrophosphoric acid, Metaphosphoric acid, Hypophosphorous
acid, Glycerophosphoric acid, Phytic acid, bl k&8¢ Na 8§ % & Orthophosphoric acid (scc.),
Hexosediphosphoric acid @ Ca 5§,

ERLIBRRROEY ,

Orthophosphoric acid: 2 A 2 FESUS, & A D SRS .
Pyrophosphoric acid: 4 A 7 REBSS, & ilKD: & RS TRIR CRHPI OB E KT . A
nium molybdate 2 @i €M~ T O HE OB A { EXROREL@OE V-,
Metaphosphoric acid: & = A>3 AR £ K CIELMMSE TR OB L 20N+ .
Ammonium molybdate LEREE Eln~T b RILCR BB { RARREAS & WL 2 & ~T ik
B LESRY v ROBRELBD LW,
Hypophosphorous acid: 2 n 2t8RHR.
Glycerophosphoric acid:  » A 2 i8I ¥ Kb SRS T, PaOs FoETe 32,970 fekaty 32.84%
Phytin: X§¥nb&D7 747 LN TIREL LEXWRCWREL LT TAD -2 T
PHET . POs 0NN 46.11% KRy 46.02 %7,
Hexosediphosphioric acid: »t4 = A j§t§4 Candiolin & C. Neuberg £ S. Sabetay IRph® it
ST POy BRRE 34.13 %0 WEeLy 34.02%.

: IL & & f@ »

BREEL 1756 M 60 Nk 2036 MAARMUVAIR (Osborne IX) 3% 4+ V¥
=R, |

{8 LN EIP It S 0.46 26 2R POy & LT 0.32 % & b o TIsAhiktue PO,



516 Fbs L BRYOMT 2 A T RS

035 % b .
. 24 E&
30~35 g, OHECIR X IGINET) 1657, By 60
LAY = */d;iﬁ:@w 'HT? 60 gm, iﬁfi;
BTyt E v
Krimx it L7,

@

[\ 5¢
70

2 -c-"r~' T

ook

S l‘xp:”"}'[{’] 10 E”u i

M, B o W i
AflL BN TAX AT
B#L J) LR X UM gC
Vo W B o & o»
SRR IR E Ty e #y 30~40 gm, {5 U7
Hypophosporous acid); g, #ref ERRSA E T YR B RIS Lo, TR 05 izl
9(; ?9(: 70 )
Oy plioiic ac, . cospl acid, Nletaphosplioric acid,
Phytic acid, Hexosediphosphoric acid [3wa-Sdu G 80T 4 <ttt ke L 7,
A #l
e w® wsonyt e 5©
(il_vrcruph.-\,-Emric 75 54 gm, ‘ 261 g,
[ '
” | 86 | 64 244
Pyrophosphoric | 81 | A9 208
iz | 78 { 0 43
Phytic 79 : 5, xy
|
” i 80 | 58 246
I
Glycerophosphoric 87 : 62.5 243 )
h } i i
" | 88 ‘ 64.5 230 j
Metaphop ri ‘ 82 i 56 234 |
1 : 92 f 62.5 216 [
B 1
2 5 ol eacd oy D
Orthophosphoric 96 i 71 gm, 238 g, ‘
" 97 72 205
Hexosephosphoric 98 69 209
v | 95 69 199
X A..’lb-'llu' 'J]I:T 1} “i ‘/H»7 ~ ::" ﬁ’ul f‘."‘Z.’.B Q wfw”‘ig(l;{r %1 5'!1 ;U\lt7 U,
BEARLHT L TREEIT A g S 5750 AT R~ TEE T
RN FE| ISR/ ’."z‘llf“ LM T C
4 X
(1) E B lart; BV MeCollam; J, G, Fuller:  Awin, ], Physiol,| 23, 244,
(o) TR (M;mnc; I, B, Mendel: ], Biol, Cliem,, 34, 131.
(3) K, ]uhm.\r.n: Biochem, 7. 202, 466.
(4) C. Neuberg; &, Sabetay:  Biuchem, 7., 161, 0.

Glyeerophosphoric

nee

A 2006, = b e AU ISS 4 90,

BT ol

b1 U 1S

acid

& gz 1 ooed

130
12¢
150
13
17N
iy
174
137

i

130

Je 1 &

I
130
125

i20



w o~ I

| _:_7,_, 300 gm
s | /; ////// -

_ 250
“i
. 150
e 7 100
50
5

FBIREBEIL-CRIN T 2 LD

B:

D:
1

Wai L IRNEDRERIC & A RO

® By s

: Phytic

No,
No,

No,

Orthophosphornie
Fyrophosphoric

Glycerophosphoric
Metaphospheric
: Hypeophosphorous

No,
Nou,

No.

No,
No,

No,

w5
81
79
87
82

90

D30
/308
p/ 39
Box
Bt

R

85 RSy RS

89 {% 0.376 Hyvpophophorous,

HE L E&NE AL

93 % 0.325 Hypophosphorous,

TR

WAL

: Orthophos
Hexosephosphoric

: P-free

(1):
(2):
(3):

(5):
(6):
(7):
(8):

n

phurtic  Nu. 96
Neo, 98
No. 99
Orthophosphoric

Pyrophospharic

Pyrophosphoric

¢ hytic

Glyeercphusphoric

Metophiosjshoric

Iypophosphorous

P-free

s

No,
No.
No.
No,
No,
No,

86
78
80
88
92
91

B No. 97

2 No, 95

M8 Neo100
No. 75
No. 81
No. 78
No. 79
No, 87
No., 82
No, 90
No, 85



518

s .
'S eaae

.

b
i

Hgacsvdi

.

{’%q

ﬁm muwwmxxaﬂﬁmmmn

Y

AR mrmm : W :

=

Hexuephosphoric ¢ 3 Jif] 274 D

No, 98,

¥)hr- Ytk

6

F
-
!

.\\4\\

\/

‘f:s“*

ey p— s r——

A
P
«\;\ .
o
NUEL.. o
y M
<2
Ny ]
\ *
G
A g
e ki
A 4
* wallona,
B/ CAAM~D LD
No, 99,

ngf‘k e f/‘ A//H J/' ’T_ff:!
a' ?

s

V1o —Wm A

e

ﬁmmMTSHﬂ“bLOOWWQbiva

Orthophosphoric
Mctaphosphoric
Phytin
Orthophosphorie-Ca

Pyrophosphoric
Glycerophosphoric
Hexuvsephosphoric

P-fiee

"

rd
%
'



Vasenius-'64
Bib No. 58

Nord. Vet.-Med. 1964, 16, 806—812.

From the Department of Physiology, College of Veterinary Medicine,
Helsinki.

“The Urinary Excretion of
lutrave~susly Administered Hypophosphite

by‘ L. E’asem'us\& K. lfullela. ’

Introduction

Owing to the close metabolic connection between phosphorus
and calcium, the element of prominent importance in bov.ne
medicine, there has been a tendency to combine calcium and
phosphorus in therapeutical preparations. Howecver, this has
met with difficulties caused by the low wuter solubility f tle
calcium phosphates, and as a result one has looked ‘or . i*.ole
solutions among compounds other than orthophuspl '*¢. Jacium
hypophosphite, which has a fairly good solubiiity in watecr, was
to our knowledge introduced in veterinary medical use by W.
Hallgren in 1938 (Hallgren 1955). It has since been rather
generally used, at least in the Scandinavian countries, and from
the practitioner’s experience it is comparatively favourable
(Hallgren 1955, Vuorinen 1959). On the other hand, however,
no studies have been made as to whether the organism is really
capable of converting the hypophosphite into orthophosphate.
It should be noted that such a conversion involves a change in
valence, and that reactions of this type are rare in animal organ-
isms. The experiments reported here were undertaken in order
to clarify how rapidly hypophosphite administered by injection
is excreted, and to estimate on this basis the degree to which
hypophosphite may possess significance for the organism as a
source of phosphorus.



807

Method and Material

Iodometric titration (Rupp & Finck 1902, Rosenheim & Pins-
kar 1909) is used for the determination of hypophosphite in the
presence of phosphite and phosphate. The method is based on
the fact that iodine readily oxidizes hypophosphite to phosphite
in a solution containing sulphuric acid, and phosphite to phos-
phate in a neutral solution. If the solution contains only hypo-
phosphite and no phosphite, the iodine consumption will be
equal in magnitude in both reactions. The determinations were
made from urine, which in itself contains reducing substances;
under the conditions present here about two thirds of these are
-vidized in the first and one third in the second stage of the re-
acvion. This circumstance produced some variation in iodine
consumption atter the hypophosphite injection, but they were
slight enough to justify the conclusion that there was no phos-
phite, or only a negligible quantity, in the urine. The actual de-
terminations, therefore, were carried out by determining only
Lo total iodine consumption according to the recomniendation
of Rupp & Finck (1902). For each determination 10 ml urine
were used, and 50 ml 0.1-N iodine solution and 6 ml 10 % sul-
phuric acid were added. After about 15 hours the solution was
neutralized with sodium bicarbonate and left to stand for
another two hours, whereupon the excess iodine v: .itrated
with 0.1-N sodium thiosulphate. All determinations “ve - ~arried
out as double determinations.

In all tests the experimental animal received an injection
of 0.3 moles hypophosphite, which is approximately equivalent
to the usual therapeutic dosage. Since our study concerned only
the hypophosphite ion and the subjects were healthy cows, half
of the hypophosphite was given as sodium salt and the other
half as calcium salt. For the collection of urine the urination
was stimulated mechanically.

The experimental animals were two cows, one of which with
a good productive capacity (19 kg milk per day), pregnant,
estimated live weight 400 kg; the other had a low productive
capacity (6 kg milk per day), non-pregnant, estimated live
weight 320 kg. The experiment was repeated three and four times
respectively, and the results were pooled for either cow. Prior
to each test the reducing substances normally emcountered in
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Fig. 1. The effect of an intravenous injection of 0.3 moles hypophosphite.
Data from a test performed on a high-producing cow.

the urine were determined by titration, and the extinction at
420 myu wave-length was determined with a photoelectric color-
imeter for each urine sample as a check on diuresis.
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Fig. 2. Total hypophosphite output in the urine of two cows, one low-
producing and the other high-producing, measured at various intervals
and expressed as per cent of the initial 0.3 moles injected.

Results
In Fig. 1 the excretion of reducing substances, diuresis, and
colour index in one of the three experiments performed in the
cow with good productive capacity are exemplified. It was found
that simultaneously with the increase in excretion of reducing
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substances after the injection there was also a considerable in-
crease of diuresis, and as a result of same a decrease in colour
intensity of the urine, which caused considerably lower extinc-
tion values to be recorded. It is obvious from this that the
manner in which the “normal” iodine-consuming substances are
taken into account as corrections has an appreciable effect on
the final resuits. In Fig. 2 the increase in excretion of reducing
substances, calculated as hypophosphite, has been shown on the
assumption that the content of the urine of normally occurring
reducing substances is proportional to the ecolour intensity. If,
again, the correction is based on the hypothesis that the normal
e~ tion continues as before, unaffected by the injection, the
inercaze in ‘l.e excretion of reducing substances, calculated as
hypophosphite, would be higher. The results in Fig. 2 would thus
rather represent a minimum level of hypophosphite excretion,
but on the strength of our experiments we think that they are
closest to the actual truth. :

After this correction the results indicate that

(1) the total quantity excreted in the urine was about two
thirds of the injected quantity in the tests with the cow with
low productive capacity, and slightly less in those with the cow
with good productive capacity, and

(2) about one half of the hypophosphite excreted throu~i .he
kidneys left the body within 114 to 2 hours.

Discussion

At a critical assessment of th. present results most attention
will naturally be attracted to the question of where the hypo-
phosphite quantity which has not immediately been excreted in
the urine may have gone. If it has been converted into phosphate,
the implication is that hypophosphite may have a certain sig-
nificance as a source of phosphorus. However, such conversion
would necessarily be through a phosphite stage, and there is
nothing in our results supporting such an assumption. As other
possible paths of excretion one might think of the udder, the
saliva, or the intestinal wall. Some corroboration of the first
alternative could be seen in the fact that the hypophosphite ex-
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cretion in the urine was less in the case of the cow with high
productive capacity. Against this one should consider that a
cow with good productive capacity has a higher metabolic rate
and, consequently, conversion to phosphate could take place
more easily. A high metabolic rate, of course, also necessitates
an increase in food consumption and thus increased salivary
secretion. The digestive tract is an important path of excretion
for phosphates under normal conditions (Scheunert & Trawut-
mann 1957). It is not known to which extent hypophosphite may
be excreted by this path, and the iodometric technique cannot
L. -~1in a study of this question any more than for investiga-
won of the peiential excretion in the milk. .

In our opinions the present experiments serve to show that
the significance of hypophosphite as a source of phosphorus is
questionable. It seems, however, that the problem can hardly be
definitively clarified without the aid of investigations involving
radioactive tracer techniques.
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Summary

The urinary excretion of hypophosphite administered to cows has been
investigated by an iodometric technique. After an intravenous injection
about two thirds of the administered quantity was excreted unchanged in
the urine, the excreted quantity being slightly less in the case of a cow with
good productive capacity. About half of the entire excreted quantity left
the body within 1!2 to 2 hours. On the strength of the experiments the
value of hypophosphite as a source of phosphorus for the organism is
considered questionable.
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Zusammenfassung

Die Ausscheidung von Intravends applisiertem Hypophosphit im Ham

™~ Ausscheidung von an Ktithe verabreichtemn Hypophosphit im Harn
W sta irttels eines jodometrischen Verfahrens untersucht. Nach erfolgter
intravendser Injektion wurden etwa zwei Drittel der verabfolgten Menge
unveriindert im Harn ausgeschieden; bei einer Kuh mit hoher Leistungs-
kapazitit war der ausgeschiedene Anteil etwas geringer. Von der gesamten
ausgeschiedenen Menge verliess etwa die Hilfte den Kérper innerhalb 113
bis 2 Stunden. An Hand der Versuche wird der Wert von Hypophosphit
als Phosphorquelle fiir den Organismus als fragwirdig erachtet.

Resumé

Utsdndring | urin av intravendst applicerad hypofosfit

En jodometrisk teknik gav till resultat, att av en intravendst injicerad
terapeutisk dos hypofosfit ungefiér tva tredjedelar utséndrades of-~»
#ndrad i urinen. Hos en higmjiolkande ko var den utséndrade raéngden
négot mindre. Ungefiir hilften av denna mingd elminerades inom 1%:—2
timmar., DA kven andra utsondringsviigar kunna komma i frigs, ifriga-
shittes hypofosfitens viirde som fosforkiilia.

Modtaget af redaktionen den 18. marts 1964.



